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1.1 Overview 


The objective was to develop a generic version of approved Reference Listed Drug (RLD) pioeect 
Lipitor® (Atorvastatin calcium) Tablets, 10 mg, 20 mg, 40 mg and 80 mg manufaetured by 
UPJOHN MANUFACTURING IRELAND UNLTD (Formerly Pfizer Inc.) which \will be 
manufacturable, chemically and physically stable throughout the manufacturing; process and 
product shelf life, and bioequivalent. 


The drug product development is outlined below: 


« Analysis of the reference product. 

" Quality Target Product Profile (QTPP) 

" Critical Quality Attributes (CQAs) for the drug produst 
= Formulation development 

* Formulation and process optimization 

= Manufacture of scale up and exhibit batch 

" Pivotal bio study 

= Control strategy for commercial productmenufacturing: 


Initially, the quality target productyprofile was defiaed based on the properties of the Drug 
Substance, physicochemical characterization of the RLD product and consideration of the RLD 
label. Our investigation during, puarmaceu car development was focused on those CQAs and 
physical attributes that couia@beimpacted by; a realistic change to the drug product formulation or 
manufacturing process. tor generic Atorvastatin Calctum Tablets, CQAs included assay, content 
uniformity, dissolut*en and degradation products. 


Due to low AF‘ content in dosage form and poorly flowing and compressibility nature, direct 
compression method is ruled out and preferred wet granulation method to improve the flow-ability 
and cori >ssibility of the powder mixture. Both wet high-shear and fluidized-bed technique were 
utiliz-d during initial formulation and process development but finally fluid bed granulation 
techn que selected to get soft granules with better disintegration and dissolution profile compare 
-o..he high shear granulation. Based on scientific rationale and use of purified water in reference 
product as granulating solvent, same solvent was used for wet granulation process of generic 
Atorvastatin Calcium Tablets. Our ultimate target was to designing and developing formulations 
and manufacturing processes to ensure predefined product quality. 


Finalization of the prototype formulation was performed throughout the formulation development 
studies based on the product performance study and stability requirements. Formulation 
optimization and process optimization studies were executed to identify the potential critical 
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process parameters and quality attributes for each unit operation. Critical process parameters and 
quality attributes identified during process characterization for each unit operation were usea‘to 
establish control strategy for commercial batch manufacturing. 


Excipients were chosen based on the functionality of those in the reference product, i‘terature 
information, and experience with similar manufacturing process. There are no pével excipients 
used in the drug product formulation. 


Atorvastatin calcium is a biopharmaceutics Classification System (BCS) Ciess TI compound shows 
low solubility across the physiological pH range and high permeabi ‘ty, Ine dissolution method 
recommended by OGD for this product was utilized for formulatio.. and process development and 
same was adopted for QC release purpose. 


Scale-up principles and plans were discussed for scaling «14 of tab batch to scale-up batch then to 
exhibit batch scale and proposed commercial scale bat:bhs*ze is up to and including a factor of 10 
times the size of the exhibit batch. The operating ranges for identified critical process parameters 
(CPPs) at commercial scale is proposed and wihbe val‘dated and continually verified during 
routine commercial manufacturing. Three ex:‘bit batches cf generic Atorvastatin calcium Tablets, 
10 mg, 20 mg, 40 mg and 80 mg mancfaciured_urader cGMP with same formulation, same 
specifications, and at same site. 


Bioequivalence studies perforreec, for the “torvastatin Calcium Tablets, 80 mg manufactured 
using the proposed commercial: process and formulation, indicating equivalent in vivo 
performance to Lipitor® (to vastatin caléium) Tablets, 80 mg both at fasting and fed condition. 
The batch used in bioequtvalence studies.was also compared in vitro against Atorvastatin calcium 
Tablets, 10 mg, 20 12g) 40 mg and 80 mg indicate similar dissolution profiles. 


1.2 Analysis 0; tue Reference Listed Drug Products 

1.2.1 Cunical Pharmacology 

Atorvastatin calcium is a selective and competitive inhibitor of HMG-CoA reductase. 
1.2.2 Pharmacokinetics 

Absorption: 


Atorvastatin calcium is rapidly absorbed after oral administration; maximum plasma 
concentrations occur within 1 to 2 hours. Extent of absorption increases in proportion to 
Atorvastatin calcium dose. The absolute bioavailability of atorvastatin (parent drug) is 
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approximately 14% and the systemic availability of HMG-CoA reductase inhibitory activity is 
approximately 30%. The low systemic availability is attributed to presystemic clearance “in 
gastrointestinal mucosa and/or hepatic first-pass metabolism. Although food decreases the ratxarid 
extent of drug absorption by approximately 25% and 9%, respectively, as assessed by (max and 
AUC, LDL-C reduction is similar whether Atorvastatin calcitum is given with or withcut food. 
Plasma Atorvastatin calcium concentrations are lower (approximately 30% for Cn ax and AUC) 
following evening drug administration compared with morning. However, LDU .C veduction is the 
same regardless of the time of day of drug administration. 


Distribution: 


Mean volume of distribution of Atorvastatin calcium is apprcax‘mately 381 liters. Atorvastatin 
calcium is >98% bound to plasma proteins. A blood/plasmie ratic of approximately 0.25 indicates 
poor drug penetration into red blood cells. Based on ehse.vacions in rats, Atorvastatin calcium is 
likely to be secreted in human milk. 


Metabolism: 


Atorvastatin calcium is extensively met»belized te-oitho, and parahydroxylated derivatives and 
various beta-oxidation products. Invitro inbtbiuon of HMG-CoA reductase by ortho- and 
parahydroxylated metabolites is equivelent to that cf Atorvastatin calctum. Approximately 70% of 
circulating inhibitory activity fori: MG-Co.\ *eductase is attributed to active metabolites. In vitro 
studies suggest the importarce-of Atorvastatin calcium metabolism by cytochrome P450 3A4, 
consistent with increased prasma concentrations of Atorvastatin calcium in humans following co- 
administration with.erytiromycin, a known inhibitor of this isozyme. In animals, the ortho- 
hydroxy metabolite vedergoes further glucuronidation. 


Elimination. 


Atorvastatin calcium and its metabolites are eliminated primarily in bile following hepatic and/or 
ex.rashepatic metabolism; however, the drug does not appear to undergo enterohepatic 
recirculation. Mean plasma elimination half-life of Atorvastatin calcium in humans is 
approximately 14 hours, but the half-life of inhibitory activity for HMG-CoA reductase is 20 to 30 
hours due to the contribution of active metabolites. Less than 2% of a dose of Atorvastatin calcium 
is recovered in urine following oral administration. 
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1.2.3 Indications and Usage 


Atorvastatin calctum is an HMG-CoA reductase inhibitor indicated as an adjunct therapy t) “tet 


to: 


Reduce the risk of MI, stroke, revascularization procedures, and angina in adult patients 
without CHD, but with multiple risk factors. 

Reduce the risk of MI and stroke in adult patients with type 2 diabet2s\wi hout CHD, but 
with multiple risk factors. 

Reduce the risk of non-fatal MI, fatal and non-fatal stroke, revisouarization procedures, 
hospitalization for CHF, and angina in adult patients with CH). 

Reduce elevated total-C, LDL-C, apo B, and TG levels and increase HDL-C in adult 
patients with primary hyperlipidemia (heterozygous ‘emilial and nonfamilial) and mixed 
dyslipidemia. 

Reduce elevated TG in adult patients vi> hypertriglyceridemia and primary 
dysbetalipoproteinemia. 

Reduce total-C and LDL-C in patients with homezy zous familial hypercholesterolemia 
(HoFH). 

Reduce elevated total-C, LDL-C,a1d apo B Jevals ia pediatric patients, 10 years to 17 years 
of age, with heterozygous familial ayperchsies erolemia (HeFH) after failing an adequate 
study of diet therapy. 
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1.2.4 Physicochemical Characterization 


The physicochemical characterization of the RLD is summarized in Table 1. 


Table 1: Physicochemical Characterization of Lipitor® (Atorvastatin Calcium) Tablets, 102g, 20 mg, 40 mg and 80 mg 


Lipitor® Lipitor‘ Lipitor® Lipitor® 
(Atorvastatin Calcium) Tablet, 80 mg (Atorva.taca (Atorvastatin (Atorvastatin 
Ch As spie(t Calciuy) 1 ybiet, 40 Calcium) Tablet, 20 Calcium) Tablet, 10 
aracterization v4 i iy 
Lot No. Lot No. Lot No. Lot No. Lot No. 
W37799 CA9137 AM9424 AP8066 CN1813 
Distributed by Park Devis Divis'en of Pfizer INC. 
NDC code 007 1-0158-23 0071-0158-'3 0071 0157-23 0071-0156-23 0071-0155-23 
: ae Sr 
White Elliptical, Film wee cal} v White Elliptical, Film | White Elliptical, Film | White Elliptical, Film 
coated, Unscored tablets ee i, Han coated, Unscored coated, Unscored coated, Unscored 
Description coded with “PD158” on “nn . 8” on onc tablets coded with tablets coded with tablets coded with 
one side and “80” on oh “40” ~, * “PD157” on one side “PD156” on one side “PD155” on one side 
other side g si t oN and “40” on other side and “20” on other side and “10” on other side 
Bache s Gonkein Each table+.contains Each tablet contains Each tablet contains Each tablet contains 
Label Clai Ke - oe pe - : Atorvastatin Calcium Atorvastatin Calcium Atorvastatin Calcium Atorvastatin Calcium 
eee . ae ve a eq. to 80 mg eq. to 40 mg eq. to 20 mg eq. to 10 mg 
° . ~Y — Atorvastatin Atorvastatin Atorvastatin Atorvastatin 
Scoring Configuration No score No score No score No score No score 
Packaging Profile White rectangular shape HDPE bottle with CR closure for 30’s count 
Storage condition Lipitor ® tablets should be stored between 20 — 25°C (68 — 77°F) 
Average weight (mg) 1231.26 1239.14 610.93 307.56 154.88 
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a 


compound H 


Lipitor® Lipitec® Lipitor® 
(Atorvastatin Calcium) Tablet, 80 mg (Atorvastatin « torvastatin (Atorvastatin 
nae Calcium) Tablet, 40 < alcium) Tablet, 20 Calcium) Tablet, 10 
Characterization 
mg mg mg 
Lot No. Lot No. Lot No. Lot No. Lot No. 
W37799 CA9137 AM9624 AP8066 CN1813 
Length (mm) - 19.14 15,22 12.04 9.58 
Width (mm) - 10.14 Vn 6.20 4.95 
Thickness (mm) - 7A7 5.80 4.49 3.47 
Hardness (Kp) - 26.10 1%uL 15.60 8.15 
Disintegration without FT- 04 min 10 ses FT- 02min 58 sec FT- 02 min 01 sec FT- 01 min 45 sec 
disc : LT- 04 min 21 ses Lt- 03)min 08 sec LT- 02 min 08 sec LT- 01 min 50 sec 
pH - 19.24 10.34 10.36 10.12 
Expiry Date Aug, 2020 Feb 28, 2022 Jul 31, 2021 Dec 31, 2021 May 31, 2022 
Assay by HPLC 101.4% 100.3% 98.4% 97.7% 98.6% 
Dissolution in USP 
Apparatus II (Paddle), 
Medium: Phosphate Avg: 104% Avge l0u% Avg:95% Avg:94% Avg:92% 
Buffer, pH 6.8; 900 Min: 102% Min: 98% Min: 93% Min: 92% Min: 88% 
mL, 75 RPM, (37.0 + Max:106% Max:102% Max:95% Max:98% Max:100% 
0.5) °C, Time point: 30 
min 
Water content by KF 2.5% w/w 3.8% w/w 4.2% w/w 3.5% w/w 4.3% wiw 
Organic Impurities by HPLC 
sues 0.05% 0.06% 0.05% 0.03% 0.05% 
pyrrolidone analog 
a eee 0.02 % 0.03% 0.02% 0.03% 0.04% 
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a 


Lipitor® Lipitor® Lipitec® Lipitor® 
(Atorvastatin Calcium) Tablet, 80 mg (Atorvastatin (od torvastatin (Atorvastatin 
AoE Calcium) Tablet, 40 < alcium) Tablet, 20 Calcium) Tablet, 10 
Characterization 
mg mg mg 
Lot No. Lot No. Lot No. Lot No. Lot No. 
W37799 CA9137 AM9624 AP8066 CN1813 
Atorvastatin 
epoxypyrrolooxazin 6- 0.11% Not Detected Not De.ruied Not Detected Not Detected 
hydroxy analog 
Atorvastatin 
epoxypyrrolooxazin 7- Not Detected Not Detected 0.06% 0.03% Not Detected 
hydroxy analog 
Atorvastatin epoxy 
secs 0.07% 0.08% OND 0.09% 0.09% 
Atorvastatin related 
Compound D 
ey omer Meee’ 0.07% 06% 0.10% 0.08% 0.10% 
degradation product a,“ 
Total impurities 0.35% 0.33% 0.48% 0.36% 0.39% 
Ref. AR No. DB0132 293793 203794 203795 203796 
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1.2.5 Composition 


Based on the RLD labeling, composition of Lipitor® (Atorvastatin Calcium) Tablets, 10 n'gs20 
mg, 40 mg and 80 mg are listed in Table 2. The excipient function is assumed based on‘excipient 
category, literature data and prior experience with similar products. 


Table 2: Composition of Reference Product Lipitor® (Atorvastatin Calcium) Tablets, 10 mg, 20 
mg, 40 mg and 80 mg 


Component Prok:.bie Function 
Atorvastatin Calcium Trihydrate API 
Galena sake Basic diluent ant to maintain alkaline pH in dosage 

form 

Croscarmellose sodium Vg) Disintegrant 
Polysorbate 80 Surfactant/Solubilizer 
Hydroxypropyl cellulose | Binder 
Microcrystalline cellulose NV "AN Diluent 
Lactose monohydrate Diluent 
Magnesium Stearate Lubricant 
Coating part 
Candelilla wax \ Glazing & layering agent 
Opadry white YS-1-7040 Coating agent 
Simethicone emulsion ; Antifoaming agent 


1.3 Quality Target Product Profile (QTPP) for the ANDA Product 


The QTPP*‘orms the basis of design for the development of the drug product. The QTPP could 
include curitrcal and non-critical elements. A sub-set of the QTPP is the Critical Quality Attributes 
(CQAs) which form the basis for the product specification. 


Critical Material Attributes (CMAs) and Critical Process Parameters (CPPs) play an important role 
in achieving Critical Quality Attributes (CQAs) effectively. Based on RLD characterization and 
information gathered from RLD’s approved label, a QTPP was defined to guide the development 
of a generic Atorvastatin Calctum Tablets USP, 10 mg, 20 mg, 40 mg and 80 mg that must be 
therapeutically equivalent to the RLD. Table 3 shows the QTPP for proposed generic drug product 
Atorvastatin Calcium Tablets USP, 10 mg, 20 mg, 40 mg and 80 mg. 
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Table 3. Quality Target Product Profile of the Generic Atorvastatin Calcium Tablets USP, 10 mg, 
20 mg, 40 mg and 80 mg 


QTPP Elements Target Justification 


Pharmaceutical equivatence 
requirement: same dozace form 
Immediate relezs:: design needed 
to meet label claii2s 

Pharmace: tical equivalence 
requir nent: same route of 
admassuation 


Dosage form Tablet 


Immediate release tablet 


Dosage design : 
8 8 without a score 


Route of administration Oral 


Eq. base 80 mg, Eq. base 
40 mg, Eq. base 20 mg & ©; 
Eq. base 10 mg . 

Immediate release enabling 


Fhortiaceutical equivalence 


Dosage strength , 
ee ae 1vjuirement: same strengths 


Bioequivalence requirement 


Pharmacokinetics Tmax and AUC equivale.t | Needed to ensure rapid onset 
to RLD 7° and efficacy 
Stability Equivalent tc nD Needed for commercialization 
Physical Attributes ‘ 
Identification 
Assay 
Drug product quality Content Uniformity Pharmaceuticar equivalence requirement: Me meet the same 
iia buiee ecslivion coinpendia cr oth: r applicable (quality) standards (i.e., 


identity, assay, purity, and quality). 


Degradation Prodyicis ™ 
Water Content 


Microbial Lin's 


Containei clesure 


Container closure 
system 


syste11 quali“ied 2s 
su’tab!s tor this drug 
proauct 


» Needed to achieve the target shelf-life and to ensure tablet 


integrity during shipping 


Alternative methods 


None are listed in the RLD label. 


» 
eee None 
of administration 


Table 4 sumiaatizes the quality attributes of generic Atorvastatin Calcium Tablets, 10 mg, 20 mg, 
40 mg ‘va’ 20 mg and indicates which attributes are classified as drug product Critical Quality 
Attritutes (CQAs). For this product, assay, content uniformity, dissolution and degradation 
products are identified as the subset of CQAs that have the potential to be impacted by the 
formulation and/or process variables and, therefore, will be investigated and discussed in detail in 
subsequent formulation and process development studies. 


On the other hand, CQAs including identity, residual solvents, elemental impurities and microbial 
limits which are unlikely to be impacted by formulation and/or process variables will not be 
discussed in detail in the pharmaceutical development report. However, these CQAs are still target 
elements of the QTPP and are ensured through a good pharmaceutical quality system and the 
control strategy. 
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4 


Table 4: Critical Quality Attributes (CQAs) of Atorvastatin Calcium Tablets USP, 10 mg, 20 mg;40.m¢g and 80 mg 


Quality Attributes 
of the Drug Product 


Target 


Is this a 
CQA? 


“ustification 


Appearance 


Acceptable color and shape to the 
patient. No visual tablet defects 
observed. 


No 


Color, shape and appearcace are not directly linked to safety and efficacy. 
Therefore, they are not critical. The target is set to ensure patient acceptability. 


Odor 
Physical 


Attributes 


No unpleasant odor 


In general; a rs*iceable odor is not directly linked to safety and efficacy, but odor 
can affect patent acceptability. For this product, neither the Drug substance nor 
the exci, ents have an unpleasant odor. No organic solvents will be used in the 
drig*proauct manufacturing process. 


Size 


Similar to RLD 


For compaibi «ease of swallowing as well as patient acceptance and compliance 
with treatmenv regimens, the target for tablet dimensions is set similar to the RLD. 


Score 
configuration 


Unscored 


The<,LD is an unscored tablet; therefore, the generic tablet will be unscored. 
Scere configuration is not critical for the Atorvastatin Calcium Tablets. 


Identification 


Positive for Atorvastatir Ca.c1um 


Though identification is critical for safety and efficacy, this CQA can be 
effectively controlled by the quality management system and will be monitored 
at drug product release. Formulation and process variables do not impact identity. 
Therefore, this CQA will not be discussed during formulation and process 
development. 


Assay 


100% w/woor Label claim 


Assay variability will affect safety and efficacy. Process variables may affect the 
assay of the drug product. Thus, assay will be evaluated throughout product and 
process development. 


Content uniformity 


Conforms to USP <905> 


Variability in content uniformity will affect safety and efficacy. Both formulation 
and process variables impact content uniformity, so this CQA will be evaluated 
throughout product and process development. 
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3D requirements. 


Quality Attributes Taree Is this a Gsam Gon 
of the Drug Product CQA? 
NE Failure to meet the dissolu/ics, specification can impact bioavailability. Both 
Dissolution - See ae Yes formulation and process vatiavies affect the dissolution profile. This CQA will 
using USP Apparatus II (Paddle) at ; . ; 
be investigated througout formulation and process development. 
75 RPM 
Atorvastatin pyrrolidone analog: 
NMT 0.5 % 
Atorvastatin related compound H: 
NMT 1.0 % 
Atorvastatin epoxypyrrolooxazin 
6-hydroxy analog: NMT 0.5 % "cora dation pro lucts can impact safety and must be controlled based on ICH 
Atorvastatin epoxypyrrolooxazin requiremen‘s cs RLD characterization to limit patient exposure. The target for 
Degradation Products 7-hydroxy analog: NMT 0.5 % Yer degradition.products is set according to ICH requirements. Formulation and 
Atorvastatin epoxy THF analog & precess “veviables can impact degradation products. Therefore, degradation 
Atorvastatin related Compound D: nrouuct, will be assessed during product and process development. 
NMT 1.5% 
Any other unspecified degradetio.. 
product: NMT 0.2% 
Total impurities: NMT 4.0%, 
Residual solvents can impact safety. However, no solvent is used in the drug 
Residual Sulvens USP <467> option/| Yes product manufacturing process and the drug product complies with USE aor 
Option |. Therefore, formulation and process variables are unlikely to impact this 
CQA. 
N None of the elements listed in the USP general chapter <232> and ICH Q3D is 
7 Solaaly with USP <232> and ICH intentionally pain in the manufacturing process, and based on ane isk 
Elemental Impurities Yes* assessment / evaluation, none of the elements is more than the allowable limits 


as per USP < 232> and ICH Q3D. Therefore, formulation and process variables 
are unlikely to impact this CQA 
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Quality Attributes 
of the Drug Product 


Water Content by KF 


Microbial Limits 


Target 


Not more than 6.0% w/w 


Meets relevant pharmacopoeia 
criteria 


Is this a 
CQA? 


Yes* 


ouscfication 


Generally, water content may a1.2ct Uegradation and microbial growth of the drug 
product and can be a po®enua: SQA. Water content limit determined based on 
input moisture conten®of ¢.+ ‘(in trihydrate form of atorvastatin calcium contains 
3.5%-5.5% water’. excipients combined with the API to manufacture a final 
dosage form and 12s-dual moisture in manufacturing process. Hence, moisture 
limit in thisenge will not impact stability. 


Non-cemph.nes with microbial limits will impact patient safety. However, in 
this casw. the risk of microbial growth is very low because granules will dry at 
high.temperature. Therefore, this CQA will not be discussed in detail during 


“ormviation znd srocess development 


* Formulation and process variables are unlikely to Impact the "QA. Therefore. the CQA will not be investigated and discussed in detail in 
subsequent risk assessment and pharmaceutical development: How over, the CGi\ remains a target element of the drug product profile and should be 


addressed accordingly. 
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1.4 Dissolution Method Development 


Atorvastatin Calcium is a BCS Class II compound shows low solubility across the physiolog*ca: 
pH range and high permeability. The dissolution method recommended by OGD (900 inL o* pH 
6.8 phosphate buffer using USP Apparatus II at 75 RPM, 37 °C) was utilized for formulation and 
process development and same was adopted for QC release purpose. The dissoli tion tolerance 
NLT 80% (Q) in 30 min set based on the product development data. 


From pH solubility profile, highest solubility found at pH 6.8 and lowest solebility observed at 0.1 
N HCI (= pH 1.25) and acetate buffer pH (pH 4.50). Moreover, degracation of the atorvastatin 
calcium noticed at acidic condition due to formation of Lactone imourity (Atorvastatin Calcium 
RC H) at acidic condition. Hence, pH 6.8 phosphate buffer considered suitable dissolution testing 
of Atorvastatin Calcium tablets. 


2.0 Components of Drug Product 
2.1 APIs 
2.1.1 Physicochemical and Biological Preverties of APJ 


Appearance: Atorvastatin Calcium 1s,white tc off white crystalline powder. 


pKa: pKa 4.46 
pH: 6. 48 to 6.53 
Melting Point»;About 169 °C 


Polymorj ism: 


As-pex literature Atorvastatin calcium exhibits polymorphism and reference product marketed 
fromthe designated crystalline form I which is the most stable form. The 20 values in XRD studies 
idicated that atorvastatin calcium manufactured by Arch Pharmalabs Ltd were comparable with 
standard values given in the patent WO 9703959, which confirms the Form-I of the drug substance 
and similarity with polymorphic form used in reference listed products. 
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Flow Properties of Drug Substance: 


Atorvastatin calcium micronized powder exhibits very poor flow properties and shows aaiere 
ability on the manufacturing/processing equipment. 


Chemical Stability in Solid State and in solution of Drug substance (Transcribed froin DMF): 


Table 5: Force Degradation Study of Atorvastatin Calcium Trihydrate USP 


Stress Conditions N) % 
Degradation 
Acid Hydrolysis 0.1M HCl, 95°C for up to 30.0 min 26.87 
Acid Hydrolysis 1M HCl, 95°C for up to 30.0 min \ 27.79 
Acid Hydrolysis 0.1M HCl, At room temperature for un to - 00 min 2.7 
Base Hydrolysis 0.1M NaOH, 95°C for up to 30.0 min i 0.17 
Base Hydrolysis 1M NaOH, 95°C for up to 30-00mna 0.21 
Heat and water In water 95°C for up t9,5019 niin \ 2.15 
Inference: 


From the results it is evident vhai molecui> is"unstable at acid and no significant degradation 
occurred in basic conditions: 


Photostability of atervastatin calcium USP: 


Photostability “f drug substance conducted with the aim to evaluate the overall photosensitivity 
(impurities generation) of the material for method development purposes and/or packaging 
material.siection for drug product. Samples are exposed to ensure 1.2 million Lux hr.; 200 watt 


hr/Sa/teever and results (Organic impurities) of controlled and exposed samples presented at Table 
6. 
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Table 6: Photostability of Atorvastatin Calcium USP 


Tests/Specifications Controlled Exposed 
Organic Impurities by HPLC 
Atorvastatin Related Compound A 0.03 % 0.04 % 


Atorvastatin Related Compound B ND ND 
Atorvastatin Related Compound C ND At 
Atorvastatin Related Compound D 0.00 % XN 0.01% 
Any other Known impurity 0.02 % (om 0.02 % 
Any other Unknown impurity 0.09 % SS 0.10% 
Total impurities (Not including 027% \ 0.30 % 


Atorvastatin Related Compound E) 


Inference: 


From the above it can be inferred that UV light‘has n» sign*‘icant effect to accelerate the impurity 
generation of Atorvastatin calcium. 


Biopharmaceutics Classification: 
Atorvastatin Calcium USP is considesea a Clas II compound (Low solubility/High permeability). 


Aqueous Solubility as a Function of pH: 


The solubility of Atorvastatin Calctun Trihydrate USP in aqueous media as a function of pH was 
measured immediately arter dissolution-and is presented in Table 7. 


Table 7: pH Solubisty Profile of Atorvastatin Calcium Trihydrate USP 


S/N Media Final pH Solubility (mg/mL) 
L pd : 2, Hydrochloric Acid 1.25 0.02 
/imecium 
2 Senne Acid 1.46 0.02 
3 pH 4.5 Acetate Buffer USP 4.50 0.05 
4. pH 5.5 Phosphate Buffer USP 5.54 0.12 
5. pH 6.0 Phosphate Buffer USP 6.03 0.15 
6. pH 6.8 Phosphate Buffer USP 6.83 0.19 
7. Purified Water 7.30 0.14 
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Solubility of atorvastatin calcium as a Function of pH 


0.06N HCl 0.1INHCI] pH 4.5 acetae pH 5.5 acet<e pt 6.0 pH 6.8 Purified 
buffer buffer zy oeainie phosphate Water Media 
buffer buffer 


uilibrium Soubility,Mean (mg/mL) 
i—) 
—_ 
N 


q 
= 
> 
NS 


—) 


Solubility Mc dium 


Figure 1: Solubility of Atorvastetin Calctam USP as a Function of pH 


On the basis the above solubility data 0° Avorvastetiv-Calcitum USP, it is showed that solubility of 
the atorvastatin calcium is pH depésdent anc sokjvility increases with increase in pH. Lowest 
solubility found at acidic medium and high?st.sorubility found at pH 6.8. 


The highest immediate release dose, strengti developed for Atorvastatin Calcium is 80 mg. The 
volume of aqueous media required to dissolve 80 mg of Atorvastatin Calcium at the highest 
solubility is 421 mJz..A drug substance is considered highly soluble when the highest strength is 
soluble in 250.mL or less of aqueous media over the pH range of 1-6.8 Therefore, Atorvastatin 
Calcium is ceisicered a low solubility drug. 


2.1.2 Risk Assessment of Drug Substance Attributes 


Rixk issessment of the Drug Substance attributes was performed to evaluate the impact that each 
attibute could have on the drug product CQAs. The outcome of the assessment and the 
accompanying justification is provided as a summary in the pharmaceutical development report. 
The relative risk that each attribute presents was ranked as high, medium or low. The high risk 
attributes warranted further investigation whereas the low risk attributes required no further 
investigation. The medium risk is considered acceptable based on current knowledge. Further 
investigation for medium risk may be needed in order to reduce the risk. The same relative risk 
ranking system was used throughout pharmaceutical development and is summarized in Table 8. 
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Table 8: Overview of Relative Risk Ranking System 


Broadly acceptable risk. No further investigation is needed 


Risk is acceptable. Further investigation may be needed in order to reduce the visk 


Risk is unacceptable. Further investigation is needed to reduce the ris.. 


Based upon the physicochemical and biological properties of the drug substasce, the initial risk assessment of drug substance attributes 
on drug product CQAs as well as on intermediate CQAs along with justif: cation is shown in Table 9 and Table 10. 


Table 9: Initial Risk Assessment of the Drug Substance Attributes 


Drug orug Substauce (cl) Attributes 
vs Solid State | Particle Size | 14. occopicity _| sii sv ater Residual Process Chemical Flow 
MES Form Distribution ys Bae pone as Content Solvents Impurities Stabili Properties 


Assay 


Content 
uniformity 


Dissolution 


Degradation 
Products 


Page 27 of 165 


Application of Quality by Design (QbD) in Developing Bioequivalent Atorvastatin Tablets 
ABM Mahfuz ul Alam, Ph.D., Director, ACI HealthCare Limited, Bangladesh 
email: mahfuz301175@gmail.com 


Table 10: Justification for the Initial Risk Assessment of the drug substance attributes 


API Attributes 


Drug Products 
CQAs 


Solid State Form 


Assay 


Content uniformity 


Dissolution 


Degradation Products 


Particle Size 
Distribution (PSD) 


Assay 


Content uniformity 


Dissolution 


Degradation F oducts 


Hygroscopicity 


Assay 


Comtenvaniformity 


Di solution 


Degradation Products 


Risk 


Category 


v 'stification 


API solid state form does net fect tablet assay and content uniformity. The risk is 
Low. 


Crystalline ana\zinc7phous forms have different properties due to the unique 
arrangement 9mo.ecules in the crystal lattice varying density of packing, and/or by 
varying hydro; en-bond network Drug substance with different polymorphic forms may 
have. difterent chemeal stability as well as solubility and may impact the degradation 
products and disso‘tion of the tablet. As per literature, atorvastatin calcium exhibits 
norymorphismiana‘reierence product marketed from the designated crystalline form | 
which is the.mo t stable form. Same polymorphic form as of reference product 
‘crystall‘noiurm 1) considered for development of generic atorvastatin calcium tablets. 
Hence, thevisk is medium. 


Partivle.size distribution may adversely impact uniformity of the drug at granulation 
sage which can impact the uniformity of the dosage unit for this low API content drug 
product and in extreme cases, may cause an assay failure. The risk is medium for assay 
and high for Content uniformity. 


The drug substance is a BCS class II compound; therefore, PSD can affect dissolution. 
The risk is High. 


Generally, PSD is unlikely to impact degradation products. The risk is Low. 


Atorvastatin Calcium is non-hygroscopic. The risk is Low. 
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API Attributes 


Solubility 


Drug Products 
CQAs 
Assay 


Content uniformity 


Degradation Products 


Dissolution 


Water Content 


Residual Solvent 


Assay 


Content uniformity 


Dissolution 


Degradation Products 


Assay 


Content uniformity 


Dissolution 


Degradation Products 


Process impurities 


Assay 


Content un.fonnity 


Dissoistion 


De gradation Products 


Risk 


Category 


Jus*fheat on 


Solubility does not affect tablot assay content uniformity and degradation products. 
The risk is Low. 


The drug substances's a BCS class II compound, hence, solubility of molecule can 
impact dissolutiea. Thesisk is High. 


Moisture contcnt is unlikely to impact assay, content uniformity and dissolution. The 
risk is Low 


water contet (3.5-5.5%, w/w) present in the trihydrate form of atorvastatin calcium 
and this contest.generally will not impact the dosage form stability. Therefore, the risk 


oY 


13 Me4iuin. 


‘<eydual solvents are controlled in the API specification and comply with USP <467> 
option 1. The risk is Low. 


Residual solvent can impact on degradation products. However, residual solvents are 


controlled in the API as per USP <467>. Therefore, the risk is Medium. 


Process impurities are unlikely to impact assay, content uniformity and dissolution. 
The risk is Low. 


Process impurities can impact on degradation products Impurity limits comply with 
ICH Q3A recommendations. Within this range, process impurities are unlikely to 
impact on degradation products. The risk is Medium. 
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Flow Properties 


Drug Products 
API Attribut 
ributes COQAs 
Assay 
Degradation Products 
Chemical Stability ; ; 
Content uniformity 
Dissolution 
Assay 


Content uniformity 


Dissolution 


Degradation Products 


2.1.3 Excipients 


Risk 
Jus*fheat on 


Category 


Atorvastatin is susceptible to auto oxidation and acidic degradation. Therefore, 
chemical stability may affect d “g frcduct assay and degradation products. The risk is 
High. 


Tablet content uniformiiy“'s unrelated to API chemical stability. The risk is Low. 


Tablet dissolutiowi5 1. ally impacted by API solubility and particle size distribution. 
Tablet dissolution ts varelated to API chemical stability. The risk is Low. 
Atorvastatin (a!-iem has very poor flow properties which may influence uniformity of 


drug distributicn at granulation stage and ultimately on assay and content uniformity. 
As the conc entratiou of API in drug product is around 7.3% w/w, that’s why the risk is 


The excipients used in generic Atorvastatiny Calcium Tabiets USP, 10 mg, 20 mg, 40 mg and 80 mg were chosen based on the 
functionality of those in the reference sioduct, literature information, and experience with similar manufacturing process. 


2.1.3.1 Excipient Compatibility S.udies 


Excipient-API compatibil.ty was performed in ratio expected in the final formulation. Table 12, Table 13 and Table 14 summarizes the 
chemical characterizatien results of compatibility studies. 
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Table 11: Physical Characterization of Excipient Compatibility Studies 


14 days Analysis 


14 day. Anulysis 


28 Days Analysis 


28 Days Analysis 


Condition : 40 + 


Condition : 40 + 


iti Son tition : 60+ ition : 60 + 
Sample Name Sample ID Initial 2°C and 7545% | © “ aes 2°C and 75 £5% es 
RH (Open) RH (Open) 
White to off- : ~. : : ‘ : : : 

: : ; : White to off-w1%2 | White to off-white | White to off-white | White to off-white 

Atorvastatin calcium USP CS-A001-01 white crystalline : 
granular powder granular powder granular powder granular powder 
powder 
7 caleium she ioc yealine CS-A001-14 White powder “White pe wder White powder White powder White powder 
ff whit K I B I B I B I 
Atorvastatin calcium USP+ Lactose monohydrate CS-A001-15 oe ueinets pean cers Ne whds ee 
powder powder powder powder powder 
Eat = pale pbs podium stack CS-A001-16 White powder White powder White powder White powder White powder 
Atorvastatin calctum USP+ Croscarmellose White ree White free White free White free White free 
. CS-A001-17 : : : : : 
sodium flov ng nowder fowirg powder flowing powder flowing powder flowing powder 
Atorvastatin calctum USP+ Hydroxypropyl Crea 1) color 3rown color Cream color Brown color Cream color 
CS-A001-18 : . 
cellulose pewder sticky powder powder sticky powder powder 
Atorvastatin calcium USP+ Precipitated calcium : : : ; : 
eancadie CS-A001-19 White Sewder White powder White powder White powder White powder 
ot Fi 4 . . . . . 
Atorvastatin daca SP* Masncsiumnsteachte CS490%-20 Almo vhite Almost white Almost white Almost white Almost white 
powder powder powder powder powder 
Shcoageey ee Brown color Brown color Brown color Brown color 
Atorvastatin calcium USP+ Polysorbate 80 C2-A001-21 ee sticky colloidal sticky colloidal sticky colloidal sticky colloidal 
aids structure structure structure structure 
ae GaldiensEET Opeay cet ies CS-A001-22 White powder White powder White powder White powder White powder 
ey es US CS-A001-23 White powder White powder White powder White powder White powder 
. Yellowish color; Yellowish color; 

i i + Hy pro! -whi ion; : I fe tion; : 
Atorvastatin calctum USP+ H; promeltlose 2910, 6 CS-A001-24 Off-white lump formation; Onewiilepowaee ump formation; Onewhiepéwaer 
cps powder on shaking remain on shaking remain 

an same same 
Atorvastatin calctum ULP- All Excipient ( CS-A001-25 White granule Brown color Brown color Brown color Brown color 
expected ratio,in ‘ormulation) powder granular powder granular powder granular powder granular powder 
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Precipitated calcium carbonate 


poston Brown 


Brov n color 


Brown color 


Brown color 


14 days Analysis | 14 days Analys:: , 28 Days Analysis | 28 Days Analysis 
ition : 40 + ition : 40+ 
Sample Name Sample ID Initial Condens Candin Net | ee Condition : 60 + 
2°C and 75 +5% 2°C Close) 2°C and 75 + 5% 2°C (Close) 
RH (Open) CN RH (Open) 
Atorvastatin calcium USP+ Microcrystalline CS-A001-26 White cream Off-white C-ff-white Off-white Off-white 
cellulose+ Precipitated calcium carbonate color powder granular powder ‘= graiular powder granular powder granular powder 
Atorvastatin calcium USP+ Lactose monohydrate vo nor White to off-wiite | White to off-white | White to off-white | White to off-white 
ae i CS-A001-27 white granular 
+ Precipitated calcium carbonate powrdet granular, Sevder granular powder granular powder granular powder 
sot vasa mi ars Use eum ie CS-A001-28 White powder Whit. po; vder White powder White powder White powder 
glycolate+ Precipitated calcium carbonate — 
ay aiiiies pie eee e pil Poin Tere CS-A001-29 Ora: Off white powder | Off-white powder | Off-white powder | Off-white powder 
sodium+ Precipitated calcium carbonate powder 
: One portion white | One portion white | One portion white | One portion white 
One portion 
; : powder and powder and powder and powder and 
Atorvastatin calcium USP+ Polysorbate 80 + eg me, Oi euochei portion another portion another portion another portion 
CS-A001-30 an another ‘i , 


Brown color 


: sticny colloidal sticky colloidal sticky colloidal sticky colloidal 
cclor powder 
structure structure structure structure 
Table 12: Chemical Characterization (pH and waters ntent) ct nxcipient Compatibility Studies 
Yy ou : 4 28 Days : 
14 days Analysis | 14 days Analysis Analysis 28 Days Analysis 
43 rey a 
cree aoe Euiyet area a Condition : 60+ | Condition : 40+ | Condition : 60 + 
ample Name ample °, °, 2° 1 
5% RH (Open) 2°C (Close) 2°C (Open) C (Close) 
Water Water Water Water Water 
Be Content PH Content pH Content pH Content Pe Content 
Atorvastatin Calcium USP Pree 6.90 4.66 6.15 4.85 6.71 4.40 7.21 4.63 9.90 4.67 
Se Sait CS-A001- 
Atorvastatin calctum USP+.Mivrocrystalline cellulose 14 6.05 5.33 6.36 5.08 6.37 4.94 6.54 5.63 6.98 5.02 
: . £ CS-A001- 
Atorvastatin calcium USP+ Lactose monohydrate 15 6.13 5.02 6.86 2.53 6.38 5.06 6.85 5.00 6.31 5.09 
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: 28 Days : 
1 
14 days Analysis | 14 days ..wutysi: Analysis 28 Days Analysis 
a0 ition : 40 = 
See eee fo eee ie Conai ion: 60+ | Condition: 40+ | Condition : 60 + 
ample Name ample jor e - 30 1 
5% RH (Open) . d - (Close) 2°C (Open) C (Close) 
Water Wate: Water Water Water 
H 
PE Content BH Content aH Content PH Content P Content 
Atorvastatin calcium USP+ Sodium starch glycolate ian tee 6.86 4.56 6.94 4.03 7.04 4.43 9.09 5.45 6.99 4.62 
: : ; CS-A001- 
Atorvastatin calcium USP+ Croscarmellose sodium 7 6.36 2.98 6.37 0.00 6.22 3.95 7.19 5.67 6.37 3.69 
: ; CS-A001- 
Atorvastatin calctum USP+ Hydroxypropyl cellulose 18 6.46 4.04 6 26 1.73 6.61 1.75 6.33 5.41 6.53 4.47 
Atorvastatin calcium USP+ Precipitated calcium CS-A001- 9.87 Ms 9.48 101 137 1.25 9.80 0.94 9.82 Lu 
carbonate 19 
‘ : : CS-A001- : 
Atorvastatin calcium USP+ Magnesium stearate 20 9.02 4188 9.62 5.45 9.67 5.16 9.67 5.51 8.88 5.13 
é : CS-A001- 
Atorvastatin calcium USP+ Polysorbate 80 1 6.99 4.50 60 3.37 6.76 0.72 7.54 3.30 7.54 0.79 
Atorvastatin calcium USP+ Opadry clear (YS-1R- CS-A001- 6.54 40 6.85 451 eae 3.85 6.52 457 6.39 4.05 
7006) 22m, \ = 
Atorvastatin calcium USP+ Opadry II white CS<A001- 
(85F18422) 6.46 3.47 5.16 3.67 6.47 2.66 6.97 3.82 6.39 2.92 
: : CS -A001- a 
Atorvastatin calcium USP+ Hypromellose 2910, 6 cps 4 6.05 4.39 7.33 5.09 6.91 4.46 7.65 5.36 6.60 4.09 
Atorvastatin calcium USP+ All Excipient ( expecteu CS-A001- 10.15 5.19 6.92 3.94 9.90 3.59 9.98 417 9.86 4.89 
ratio in formulation) 2s 
Atorvastatin calcium USP+ Microcrystallit) celluiose+ CS-A001- 9.83 3.79 9.78 2.40 10.07 275 9.80 321 9.83 272 
Precipitated calcium carbonate 26 
Atorvastatin calcium USP+ Lactose mencvhydrate + CS-A001- 9.72 3.65 9.78 236 9.83 333 9.74 2.65 9.77 2.90 
Precipitated calcium carbonate \y 27 
Atorvastatin calcium USP+ Sodiem starch glycolate+ CS-A001- 10.32 177 9.99 1B 10.57 4.10 10.34 2414 10.19 121 
Precipitated calcium carbonste 28 
SP! Cr ium+ : : 
Atorvastatin calcium U Croscarmellose sodium: CS-A001 9.93 1.98 9.80 215 9.83 1.09 10.19 2.35 10.02 115 
Precipitated calcium ce borate 29 
Atorvastatin calcivm USP+ Polysorbate 80 + CS-A001- 9.77 1.36 10.18 115 9.92 1.60 10.24 1.97 10.75 141 
Precipitated calciuin ¢ arbonate 30 
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Table 13: Chemical Characterization (Organic impurities of Initial & 14 days) of Excipient Compatidiity Studies 


Initial 14 days Analysis . 14 days Analysis 
Condition: 40 + 22% Condition: 60 + 2°C 
(Close) 
(Open) 
Impurity (%) 
Suimple Name sauele Imp rity (04) Impurity (% 

2 seh) E 2 2 NLP E 2 2 a leah E € 

32 9g ay 5 5 se y afl i: a. Ce 9 = 0 x a. 

aa a Smal & = aa & Z mal £ = aa a 5 2 z = 

es 2 Bes 5 =I eas > Zo & ea fe Ei > z 3 g a = 

B°| 2/22 [a] 2 | b*aQevigz | a | ele] a | SF" a] gz 

oe) = & 8 = & = = 

Atorvastatin calcium) CS-' | np | 0.03 | 0.02 | 0.06] 031 eo.0s™| 0.05 \0%2 | 0.02 | 0.23 | 0.04 | 0.04] 0.01 | 0.02] 0.20 
USP A001-01 a® ~"|™ 
Atorvastatin calcium \ 
sk — 0.05 0.04 0.02 0.01 9.48 0.05 0.07 0.02 0.02 0.24 0.05 0.02 0.01 0.03 0.20 
Microcrystalline A001-14 : 
cellulose 
Atorvastatin calcium 
USP+ Lactose Pee 0.05 0.04 0.02 091 0.17 0.05 0.21 0.02 0.02 0.41 0.06 0.08 0.02 0.02 0.26 
monohydrate Y 
Atorvastatin calcium CJ * NAD 
USP+ Sodium starch ae ND 0.04 9.02 0.01 12 0.05 0.17 0.02 0.04 0.38 0.05 0.07 0.02 0.02 0.24 
glycolate 
Atorvastatin calcium ] 
o ee ND. 0.03 0.03 0.01 0.14 0.04 | 0.13 0.02 0.03 0.30 0.04 0.05 0.01 0.02 0.22 
Croscarmellose A001-17 
sodium 
Atorvastatin calcium Cy) 
vere 0.04 | 0.04 0.02 0.01 0.15 0.05 0.08 0.02 0.03 0.28 0.05 0.03 0.01 0.03 0.18 
Hydroxypropyl A001-18 , : ‘ ‘ . : i , : ‘ : , : : ‘ 
cellulose 
Atorvastatin calcium Cs- 
USP+ Precipitated 001-19 0.04 | 0.03 0.02 0.01 0.15 0.05 0.04 | 0.01 0.03 0.21 0.05 0.04 0.02 0.02 0.23 
calcium carbonatu= 
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Initial 14 days Analysis 14 days Analysis 
ition: 60 + 2° 
Condition: 40 + 2°C Se eases 
(Close) 
(Open) 
Impurity (“%) S 
Sample Impurity (°4) Impurity (% 
Sample Name ID 
2/8 122/68) € |e.) se le@\Ni | € | 2.]/2/e-.| 2] F 
sz|/o/ee 13] & | 82/2 DENSSSS | 2 | 2/2 ]/Ebel sl] 2 
Sais S > Al = a] os S ; eS = A| o 8 > > ZO | J 
so eect |e FE BS | &VéE¥ : z B® | 6 |/2a™"| x] g 
ee < =| S 2 a me <3 S 2 ee < S e 
Atorvastatin calcium cs 
USP+ Magnesium A001-20 0.04 | 0.04 0.02 | 0.01 0.15 0.07 9.22 | 0,92 0.03 0.40 0.06 0.08 0.02 0.02 0.24 
stearate 2 , 
Atorvastatin calcium CS- 
0.04 | 0.04 0.02 | 0.01 0.20 9.69 | 045 9.13 0.28 2.44 0.57 0.56 0.25 0.13 2.09 


USP+ Polysorbate 80 | A001-21 
Atorvastatin calcium 

USP+ Opadry clear ge 0.04 0.04 0.02 0.01 9.6 0.11 Uv. 6 0.03 0.04 0.46 0.14 0.23 0.05 0.03 0.58 
(YS-1R-7006) 


Atorvastatin calcium Cs- 
USP+ Opadry II 0.04 0.04 0.02 wool 0.14 0.10 0.07 0.02 0.05 0.50 0.13 0.20 0.04 0.03 0.56 


white (85F 18422) ae 
Atorvastatin calcium Cs- 0.19 
USP+ Hypromellose ‘AQ01-24 0.04 0.04 0.02 0.01 0.16 0.05 0.06 0.02 0.02 0.21 0.05 0.04 0.02 0.02 , 


2910, 6 cps 


Atorvastatin calcium 


| ini - 
BSP el VEXOBieat| en oo, | 0.04 | 0.02 | 0.01) 0.15 ND | ND | 0.02 | ND 0.02 ND | ND | 0.01 | ND | 0.01 


expected ratio in A001-25 
formulation) 
Atorvastatin calcium 
USP+ Cs, 
: . a 0.04 | 0.04 0.02 | 0.01 0.15 ND ND 0.02 ND 0.02 ND ND 0.02 ND 0.02 
Microcrystalline AUOi-26 
celluloset+ 
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Initial 14 days Analysis 14 days Analysis 
Condition: 40 £2°C Condition: 60 + 2°C 
(Close) 
(Open) 
Impurity (“%) m 
Sample Impurity (°4) Impurity (% 
Sample Name ID > 3 

g0/ 8 |e2 | 2) = | 25) 8 |eeNNe | = | eee lec.) 2) = 

Sa | * |E mal 3 E =e | “= ya = E See ie ee 2 E 

rs) > a o 8 q a os > iS} 2 

BS) 6 |e la] ¢ | fF | eSee| = | cg | Fle | ee*] 2 | gs 

x < = S 2 a a <4 S 2 x < S 2 
Precipitated calcium 
carbonate _ 
Atorvastatin calcium 
USP+ Lactose 
monohydrate + Pg 0.04 0.04 0.02 0.01 0.1¢ 106 005 6:02 0.02 0.27 0.10 0.04 0.02 0.02 0.25 
Precipitated calcium 
carbonate 
Atorvastatin calcium 
USP+ Sodium starch 
glycolatet+ Pee 0.04 0.04 0.03 Oo! 0.17 6 0.04 0.01 0.02 0.25 0.44 0.40 0.27 0.10 1.67 
Precipitated calcium 
carbonate 
Atorvastatin calcium 
USP+ CS- 
Croscarmellose 001-29 0.04 0.02 0.02 0.01 0.17 0.05 0.6 0.01 0.02 0.26 0.04 0.04 0.01 0.02 0.18 
sodium+ Precipitated 
calcium carbonate : 
Atorvastatin calcium \ 
Bee ies Be Poe 6.04 | 0.04 | 0.02 | 0.01 | 0.15 0.45 | 037 | 0.13 | 0.16 1.62 | 0.04 | 004] 0.01 | 0.02] 0.20 
calcium carbonate 
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Table 14: Chemical Characterization (Organic impurities of Initial & 28 days) of Excipient Compatidiity Studies 


Initial 28 days Analysis 28 days Analysis 
Condition: 40 + 2°C (Open> Condition: 60 + 2°C Close) 
Impurity (“%) - 
Organic Impurities (”%) Organic Impurities (%) 
Sample Name Sample 
ID 8 S) Et + le S + = | & Stal Renee > 
sole a nel) 2s) eae] = | 2 TaeWAbn | se | Se/2 |B wala gt 
oo & x & Bp 2| 2 & x aN 62 e & an & 62 
ES (E27 pee) s8/ 88) 8/2") eNeNes | &8) ES |e eee) es es 
fo |< Bo | E| Bo | < ">: S Se ee i 5 
—— EEN 
Atorvastatin wie 
: A001- ND 0.03 0.02 0.06 | 0.31 0.04 0.06 0.02 0.01 0.17 0.04 | 0.05 0.02 0.04 0.21 
calcium USP 01 
d . A001- 0.05 0.04 0.02 0.01 0.18 0.05 0.09 O02 0.04 0.24 0.05 | 0.06 0.02 0.04 0.21 
Microcrystalline 14 
cellulose ~* = \ _ 
= le 
Hanan A001- 0.05 0.04 0.02 0.01 wl7 0.0 NZI 0.03 0.04 0.38 0.05 | 0.06 0.02 0.03 0.21 
monohydrate o < 
At tati 
caleiurn ca on 
‘ A001- ND 0.04 0.02 01 9.17 0.05 0.19 0.02 0.03 0.36 0.04 | 0.08 0.02 0.04 0.23 
Sodium starch 16 
glycolate 
Atorvastatin 
calcium USP+ i 
A001- ND 0.03 0.03 0.01 0.14 0.05 0.14 0.03 0.04 0.28 0.04 | 0.07 0.01 0.01 0.19 
Croscarmellose 
: 17 
sodium 
Atorvastatin 
calcium USP+ CS- 
Hydroxypropyl A001- 004 0.04 0.02 0.01 0.15 0.05 0.08 0.02 0.04 0.26 0.04 | 0.06 0.02 0.03 0.20 
cellulose 18 
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Initial 28 days Analysis 28 days Analysis 
Condition: 40 + 2°C (Open) Condition: 60 + 2°C Close) 
Impurity (%) _a~ * 
Organic Impurities (%) Organic Impurities (%) 
Sample Name Sample 
ID So | O + BS wo | U + 5B a | © | es 
s2/z2 |Bmal zal gt|/S2/2_| 2 mal @AN Ge | 22) 2_] 2 wolEa 3? 
eg wae > ZO| x | og) ec § ete >aUl me  & ome eo > 2U| « El © € 
Fes) 3 Sa lle ek Fe®XE aes =a eee Fem Ss eg 
me © < as dal || a © < <s YW 3S ie ® < as del 
Atorvastatin I 
calcium USP+ cs. 
Precpuated AOOI- | 0.04 | 0.03 0.02 | 0.01 | 0.15 | 0.05 | 0.05 02 0.04 0.21 0.04 | 0.05} ND | 0.03 | 0.17 
calcium 19 
carbonate 
Atorvastatin 
. CS- 
calcium USP+ 
‘ AOOI- 0.04 0.04 0.02 0.01 0.15 0.%6 0.21 9.62 0.03 0.35 0.05 0.11 0.02 0.03 0.25 
Magnesium 
20 
stearate 
Atorvastatin CS- 
calcium USP+ AOO1- 0.04 0.04 0.02 0.01 0.20 0.72 (.61 0.08 0.24 2.55 0.76 0.54 0.07 0.41 2.61 
Polysorbate 80 21 : _ 
At tati 
3, |e 
: AOO1I- 0.04 0.04 0.02 d.01 9.16 0.13 0.10 0.04 0.04 0.46 0.22 0.23 0.03 0.07 0.83 
Opadry clear oo) 
(YS-1R-7006) 
eS : Cs. 
ee. A001- | 0.04 | 0.04 %."0.02 | 0.01 | 0.16 | 0.10 | 0.07 | 0.02 0.05 0.47 0.40 | 0.25} 0.06 | 0.27] 1.43 
Opadry II white 3 
(85F18422) 
Atorvastatin 
calcium USP+ CS- 
Hypromellose AOO1I- 0.94 0.04 0.02 0.01 0.16 0.04 0.07 0.02 0.01 0.17 0.04 0.05 0.02 0.04 0.19 
2910, 6 cps 24 


Page 38 of 165 


Application of Quality by Design (QbD) in Developing Bioequivalent Atorvastatin Tablets 
ABM Mahfuz ul Alam, Ph.D., Director, ACI HealthCare Limited, Bangladesh 
email: mahfuz301175@gmail.com 


Initial 28 days Analysis 28 days Analysis 
Condition: 40 + 2°C (Open) Condition: 60 + 2°C Close) 
Impurity (%) — ANNAN - 
Organic Impurities (%) Organic Impurities (%) 

Sample Name Seg SI a < o ae : a a ae 

ES/E™/ EER S/R) EEE “|EaeQ NO] eel Eee eee] eA] &e 

a <q © S| a <s We ea rae <q & 2 zs 
Atorvastatin 
calctum USP+ CS- 
All Excipient ( AO001- 0.04 0.04 0.02 0.01 0.15 ND 0.19 0.04 0.17 0.68 ND ND ND ND ND 
expected ratio in 25 
formulation) 
Atorvastatin | 
calctum USP+ 
Microcrystalline CS- 
cellulose+ A001- 0.04 0.04 0.02 0.01 0.15 NL ND 5.93 ND 0.93 ND ND ND ND ND 
Precipitated 26 
calcium 
carbonate 
Atorvastatin 
calcium USP+ 
Lactose CS- 
monohydrate + A001- 0.04 0.04 0.02 0.01 (16 0.06 0.06 0.02 0.04 0.29 0.05 0.05 ND 0.04 0.22 
Precipitated 27 
calcium 
carbonate 
Atorvastatin 
calcium USP+ 
Sodium starch Cs. 
glycolatet AOO1- | L0G) 0.04 0.03 0.01 | 0.17 | 0.07 | 0.06 0.02 0.04 0.28 0.04 | 0.06} ND | 0.03} 0.20 
Precipitated 28 
calcium 
carbonate 


Page 39 of 165 


Application of Quality by Design (QbD) in Developing Bioequivalent Atorvastatin Tablets 
ABM Mahfuz ul Alam, Ph.D., Director, ACI HealthCare Limited, Bangladesh 
email: mahfuz301175@gmail.com 


Initial 28 days Analysis 28 days Analysis 
Condition: 40 + 2°C (Open) Condition: 60 + 2°C Close) 
Impurity (%) ($$ 
Organic Impurities (%) Organic Impurities (%) 
Sample Name Sample 
ID g S) + g S) iH + g Se eee 5 
Sele Zeal gdalge|sele Baal @AN se |) e2/2_|/ Bawa Ed gf 
eg wae > 3O| wx £] o2B| os anal > Zol Ae ® & oo § Ease © x Bl oO 2 
boa Sey se] & bos S ne ol i= boa Sway oe & 
eS & > o < S¢ | Ss | > o < be € Ss | 
al |e <i 2 | <i & Ge a ag a 
Atorvastatin r 
calctum USP+ 
Croscarmellose CS- 
sodiumt AOOl- | 0.04 | 0.02 0.02 0.01 | 0.17 | 0.06 | 0.06 0.02 0.03 0.24 0.04 | 0.06} 0.01 | 0.04] 0.22 
Precipitated 29 
calcium ' 
carbonate 
Atorvastatin 
calctum USP+ 
Polysorbate 80 + CS- 
Precipitated A001- 0.04 0.04 0.02 0.01 vl5 0.5( 0.36 0.18 0.18 1.72 0.95 | 0.93 0.13 0.43 3.68 
calcium 30 
carbonate 


Note: Pyrrolidone analog = Atorvastatin Pyrrolidone Ans tog, 41V RC H =; Avervastatin Related Compound H, ATV THF analog + RC D =Atorvastatin epoxy THF analog & 
Atorvastatin Related Compound D, Max Ind. Imp = any other individual unspecified degradation product; ND: Not detected 


Inference: 


Based on drug-excipient co;npaubility study results, it is inferring that atorvastatin calcium is incompatible with excipients having 
peroxide residues (Polyserbete 80, Opadry clear YS-1R-7006, Opadry II white 85F18422) and acidic surface (disintegrating agents) and 
are chemically competitive Lactose monohydrate, Microcrystalline cellulose, Calctum carbonate, Hydroxypropy] cellulose, Magnesium 
stearate). However, nouncompatibility observed when all excipient are combined with the intended ratio in formulation with API which 
is probably due-to maintaining of alkaline micro environmental pH by calcium carbonate in the dosage form. 
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2.1.3.2 Excipient and Their Grade Selection for Optimized Formulation 


The selection of excipients is vital in the design of a quality drug product and is based not 01 lwer 
their functionality, but also on the compatibility between the drug and the excipients. Excip.ent- 
compatibility testing and formulation development studies are used in the selection of the excipient 
type, grade, and concentration in formulation. 


Standard pharmaceutical grade excipients were used and all excipients met coinve ndia standards. 
Magnesium stearate was used as a lubricant. Magnesium stearate used is.trenr vegetable origin. 
All the excipients used were certified to be free of melamine and TSF/EBSc.by the manufacturer. 
The selection of excipients was depended upon the target proft'e ct ‘drug product. In case of 
Atorvastatin calcium immediate release tablet, following challesges were considered for selection 
of the excipient. 


* Achieving stability of Atorvastatin calcium trihydrate ‘n iosage form as molecule is unstable 
in presence of excipient having acidic surface an peroxide residues and need to maintain 
micro-environmental pH above 8. 


= To meet the criteria of size and shape of senerzc atorvastatin calcium tablets, it was necessary 
to formulate test product in similar sizéet RLD. “ipitor® 80 mg tablets available as 19.4mm 
X 10.5mm dimension having ~1240 my average weignt. Other strengths 1.e. 40 mg, 20 mg and 
10 mg also proportionally simila* w:th-SO nig. 


Table 15: Proposed Inactive Ingrecients in Atorvastatin Calctum Tablets USP, 10 mg, 20 mg, 40 
mg and 80 mg 


S/N Name of the Ingyedient pe Grade/ Brand Rees a 

1 Microcrystaiine Cellulose USP NF Vivapur 301 JRS Pharma 

2. Polysoxbate 80 USP NF Kolliphor PS 80 BASF Corporation 

3; Lachose Monohydrate USP NF Pharmatose 200M DFE Pharma 

4 | itydroxypropyl Cellulose NF Klucel EF Pharm Ashland Inc. 

PY \ Precipitated Calcium Carbonate USP NF Sturcal L Speciality Minerals Lifford 
6: Sodium Starch Glycolate USP NF Type A (Primojel®) DFE Pharma 

7. Croscarmellose Sodium USP NF AcDiSol; SD-711 DuPont Nutrition Ireland 
8. Magnesium Stearate NF Veg. Valtris Speciality Chemicals 
9, oa peas ane ia House 85F18422: White | Colorcon Asia Pvt. Ltd. 
10. Hypromellose 2910, 6 mPa.s USP Pharmacoat 606 Shin-Etsu Chemical Co. Ltd. 
iL. pare a ie InHouse | YS-IR-7006;Clear | Colorcon Asia Pvt. Ltd. 
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Microcrystalline Cellulose (Vivapur 301): 


Bulk density of Microcrystalline cellulose (MCC) 301 (B.D: 0.35 — 0.46g/ml) are highethar 
Microcrystalline cellulose 101 (B.D: 0.26 — 0.31 g/ml), therefore more suitable for top spray 
granulation of bulky drug substance. In low and high shear processes, MCC allows.waeter to be 
distributed evenly through the granulation and lends robustness to the process. MCC is very highly 
compactable and its inclusion can add strength and robustness to a tablet. Additionally, 
formulations containing MCC are relatively easy to disintegrate (when seu with a super 
disintegrant) leading to the potential for rapid drug dissolution. However, the compactability of 
MCC is influenced by granulation, and factors that tend to increase the.e<tent of granulation such 
as increasing amount of water. When the amount of diluent is relaxve'y high then MCC tends to 
be used in conjunction with another diluent. That’s why MCC 201 from JRS Pharma (Vivapur 
301) in conjunction with Lactose monohydrate was selevtec.tur generic Atorvastatin Calcium 
Tablets USP. 


Lactose Monohydrate (Pharmatose 200M): 


Lactose monohydrate is very frequently used in wet granuletion, and it is preferable to use milled 
grades of lactose monohydrate for this purpose. It is/‘knowa that finer grades of lactose possess 
improves compaction properties, and the mest conitoon!y used grade is "200 mesh" in which the 
majority of the particles will pass’ a\/s1.m_sieve.,Lactose monohydrate from DFE Pharma 
(Pharmatose 200M) was selected “or generic Atorvastatin Calctum Tablets USP. 


Precipitated Calcium Carhonoaie (Sturca! 1): 


Achieving stability of Atorvastatin Caicium Trihydrate in dosage form is challenging as molecule 
is unstable in prescnee of excipient having acidic surface and oxidative residues and need to 
maintain micro-env:ronmental pH above 8. To maintain micro environmental pH above 8.0, 
calcium carbonate (Heavy) was added in formulation. 


The Stuscai L precipitated calcium carbonate grades are microcrystalline white powders 
characterized by their high chemical purity, controlled particle shape and size distribution. Hence, 
selected for generic Atorvastatin Calcium Tablets USP. 


Hydroxypropyl! Cellulose (Klucel EF): 


Hydroxy propyl cellulose provides premier performance as a tablet binder. Hydroxypropyl 
Cellulose is a nonionic water-soluble cellulose ether with a remarkable combination of properties 
and has excellent solubility in water. The viscosity of hydroxy propyl cellulose solutions remains 
unchanged as pH is varied over the range of 2 to 11. Unmatched tablet hardness and friability are 
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found with low viscosity grades of hydroxy propyl cellulose (Klucel), at typical use levels of 2 te 
8%, in a wide variety of processing options. 


Grades EF and LF with regular particle size are often used in granulating solutions. Grave Kiucel 
EF from supplier Ashland was selected for generic Atorvastatin Calcium Tablets USP 


Polysorbate 80 (Kolliphor PS 80): 


Polysorbate 80 is a synthetic non-ionic, hydrophilic surfactant with brosd }»H range used as a 
solubilizing agent in drug formulation. Polysorbate 80 helps for quic!s“n.ceilar solubilization” of 
poorly water soluble drug substances at the site of absorption. Koll=hcor® PS 80 is an amber liquid 
with a faint characteristic odor. Polysorbate 80 from BASF (K \'lipher® PS 80) is used as a non- 
ionic surfactant for generic Atorvastatin Calctum Tablets US»: 


Sodium Starch Glycolate Type A (Primojel®): 


Sodium Starch Glycolate acts as a superdisintegiant through rapid swelling because of the 
adsorption of large amounts of water leading to raster disintegration. Sodium Starch Glycolate is 
the sodium salt of cross-linked carboxymettyistarch and cerived from starch with two chemical 
modifications: substitution (to increase kydrophilisivy)ena cross-linking (to reduce solubility and 
gel formation upon contact with water) tis aigkiy effective when used intra-granular and/or extra- 
granular in dry/wet granulation processes. Two tyye Sodium Starch Glycolate i.e. type A having 
pH 5.5-7.5 and type B having, pil 3.0-5.Caré available as superdisintegrant. As atorvastatin 
calcium is sensitive acidic degiedation,sience, Sodium Starch Glycolate type A was used as intra- 
granular disintegrant for getieric Ato1vastatin Calctum Tablets USP. 


Croscarmellose Sodium (Ac-Di-Sol® SD-711): 


Croscarmell“se, Sodium is cross-linked carboxymethylcellulose sodium and used as a 
superdisi tegrant. Croscarmellose Sodium is hydrophilic, but, made insoluble and fibrous by 
crossyuskiag of sodium salt of carboxymethylcellulose. The functionality of Croscarmellose 
Scdiuni as a superdisintegrant is related to its fluid uptake and swellability characteristics. 
Swelling, wicking, and strain recovery are proposed mechanisms for Croscarmellose Sodium. 
Because swelling of Croscarmellose Sodium is attributed to the hydration of the carboxymethyl 
group, the degree of substitution determines Croscarmellose Sodium functionality in tablet 
formulations, Croscarmellose Sodium is used at the concentration of 0.5%—5.0% w/w. Any further 
increase in its level may result in the formation of a viscous gel layer acting as a barrier for 
disintegration. 
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Ac-Di-Sol® exhibits consistent critical material attributes such as fibrous morphology, low 
moisture content, low impurities and low water-soluble content, resulting in robust and reliavle 
performance and Ac-Di-Sol® SD-711 is the premium grade for pharmaceutical applications: As 
Atorvastatin calcium is sensitive acidic degradation, hence, Croscarmellose Sodium (Ac*Di-Sol® 
SD-711) was used as extra-granular disintegrant for generic Atorvastatin Calcium Tabiets USP. 


Magnesium Stearate (Veg): 


It is the most commonly used lubricant for tablets. Magnesium stearate is & vegetable origin from 
supplier Valtris Specialty Chemicals was selected for generic Atorvastatiz1 Calctum Tablets USP. 


Opadry II White (85F 18422): 


Opadry II White is a polyvinyl alcohol based high prodvctivit;, water soluble, pH independent 
complete dry powder film coating system containing petyraer, plasticizer and pigment which 
allows for immediate disintegration for fast, active re.ease. Opadry IT White 85F18422 selected 
for generic Atorvastatin Calcium Tablets USP. 


Hypromellose 2910, 6 mPa.s (Pharmacoat506): 


Pharmacoat is a low viscosity hydroxysrenyl metiyleeiiulose polymer which is easy to use as a 
film coating material and gives an ex celle firish tone final product. It is versatile and suitable 
for many applications in the desigr. of film coated taolet formulations. Hypromellose 2910, 6 mPa.s 
(Pharmacoat 606) used at film ceatiag stage with Opadry II White (85F18422) to prevent pin hole 
in the coating stage. 


Opadry Clear (YS-2R-7006): 


Opadry Clear “<< original, customized, one-step film coating system which combines polymer, 
plasticizer aiid pigment, as required, in a dry concentrate. Use of an Opadry film coating will result 
in attracti 7¢, elegant coatings on a variety of tablet cores. Opadry Clear YS-1R-7006 used at final 
coatirig “or generic Atorvastatin Calcium Tablets USP to provide a gloss to the final tablet in order 
to improve the appearance. 


z.Z Drug Product 
2.2.1 Formulation Development 
2.2.1.1 Initial Risk Assessment of the Formulation Variables 


The results of the initial risk assessment of the formulation variables are presented in Table 16 and 
the justification for the risk assignment is presented in Table 17. 
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Table 16: Initial Risk Assessment of the Formulation Variables on Drug Product CQAs 


Formulation Variables 


Drug product API PSD Calcium Diluent type & | Disintegrant Coating 
CQAs carbonate type & level & leve! material type 
amount & level 


Degradation 
Products 


Table 17: Justification for the Initial Risk Assessment of the Fornmaiation Variables on Drug Product CQAs 


API Attributes Drug Products Rist | Justification 
CQAs Category _| 
Assay JM _ | Paiticle size distribution may adversely impact uniformity of the drug at granulation 
stage which can impact the uniformity of the dosage unit for this low API content drug 
API Content Uniformity product and in extreme cases, may cause an assay failure. The risk is Medium for assay 
and High for content uniformity. 
PSD iawsiviion The drug substance is a BCS class II compound; therefore, PSD can affect dissolution. 
The risk is High. 
Degradation, Products Generally, PSD of API is unlikely to impact degradation products. The risk is Low. 
AsSay . Calcium carbonate can impact the flow properties of the dry mixing blend at top spray 
: b : : granulation and ultimately can impact the blend uniformity. Variation in blend 
Sosa cumoune pouivar Epitonnity uniformity can impact the assay and content uniformity. The risk is Medium. 
eer Hiscoluaaa The drug substance is a BCS class II compound with low solubility across the 
physiological pH (pH 1.2-6.8). Solubility of the atorvastatin calcium is pH dependent 
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API Attributes Drug Products 
CQAs 
Degradation Products 
Assay 
Content Uniformity 
Diluent type 
And ratio 
Dissolution 
Degradation Products 
Assay 
Content Uniformity 
Disintegrant Degradation Products 
type & level 
Dissolution 
Asspy 
Binder type Content Uniformity 
& level ~ 
Degradation Products 


Risk 


Category 


Justificav'oi: 


and solubility increases with increase y pil. Calcium carbonate can impact dissolution 
through maintaining the micro ¢av.r¢n ental pH of the dosage form. The risk is High. 


Atorvastatin calcium sensi‘ize to» acid degradation and concentration of calcium 
carbonate in dosage form is cri‘ical to maintain the alkaline pH which will prevent the 
atorvastatin lactone (Atoivastatin Related Compound H) formation. Hence, the risk is 
High. 


Diluent type and 1: fio, can impact the distribution/uniformity of the API at granulation 
stage which uli'mavely can impact the dosage form uniformity and assay. For a low-dose 
formulation, we) granulation helps to fix the API particle within the granulation and thus 
prevents seg egation during processing. Considering the wet granulation process, the 
risk.is Medium. 


Diment type and rawo can impact dissolution via tablet hardness and disintegration. 
however “abiet. disintegration mainly controlled by intra granular and extra granular 
d sintesraung .gent. Therefore, the risk is Medium. 


Dilucnts a’e compatible with API. The risk is Low. 


Lisptegrant type & level is unlikely to impact assay, content uniformity. The risk is 


DO. 


«@ Disintegrant are acidic in nature which can accelerate the degradation of the atorvastatin 


calcium by forming atorvastatin lactone (Atorvastatin Related Compound H). The risk 
is High. 


Disintegrant type and level can impact the disintegration time and, ultimately 
dissolution. Since achieving rapid disintegration is important for a drug product 
containing a BCS class II Compound. The risk is High. 


Binder type & level have no impact on assay and content uniformity. That’s why, the 
risk is Low. 

Binder can impact the degradation product generation in the dosage form. However, 
hydroxypropylcellulose (HPC) considered for generic atorvastatin calcium tablets is a 
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API Attributes 


Drug Products 
CQAs 


Dissolution 


Surfactant type 
& level 


Assay 
Content Uniformity 


Dissolution 


Degradation Products 


Lubricant type 
& level 


Coating Materials 
type and level 


Assay 


Content Uniformity 


Dissolution 


Degradation Products 


Assay 


Content Uniformity 


Dissolution 


Degradation Froducts 


Risk 


Category 


Justificav'o.: 


nonionic binder which is prefer for ox.dative sensitive molecule and same binder used 
in reference product. Thereforesthe ris eis Low. 


Binder type and level can ir >act divintegration time of the tablet ultimately can impact 
the dissolution. API is BCS clavs 1, hence, the risk is High. 

In the drug product¢{ornmuiation, surfactant will be used in low concentration and 
distribution will he casused by using in binder solution. The risk is Low. 


As Atorvastatin is.PCS class I molecule. Therefore, surfactant level can impact 
dissolution, sine achieving good dissolution is important. The risk is High. 
Polysorbai.80 contains peroxide residue which can accelerate the degradation of the 
atorvas‘at.>-calcium through oxidative degradation. The risk is High. 


The concentration ef nagnesium stearate used is low and its impact on flow is minimal, 
t issinlikely i> imj act assay and content uniformity. The risk is Low. 


q ver-lub ‘icon due to excessive lubricant may retard dissolution. The API is a BCS 
c1ass/1l conigound. Therefore, the risk is High. 


Magnosiv.n stearate is basic in nature and compatible with API. The risk is Low. 


Gvuerally coating agent do not impact assay and uniformity of the dosage unit. The risk 
q Low. 
High weight gain can increase the disintegration time of the tablets which can impact 
the dissolution. The risk is High. 

Atorvastatin calcium is sensitive to the oxidation stress and functional film coating 
applied to prevent moisture pick from the environmental condition and to aid in drug 
product stability. The level of film coating can affect the stability of the dosage form. 
The risk is High. 
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2.2.1.2 API Particle Size (PSD) Selection for Product Development 


Atorvastatin Calcium USP is a BCS class II compound, therefore, PSD can impact dissowitiom 
Additionally, API particle size distribution has a profound impact to the content uniformity in ‘ow- 
dose drug products and micronized particle of API helps to create a homogenous mixeve with 
excipients during processing. API particle size Doo not more than 50 um used for formulation and 
process development and finally selected for exhibit batches manufacturing\wich optimized 
manufacturing process. PSD of the various batches of API of DMF holder found consistent as 
provided in Table 18. 


Table 18: API Batch No. and Particle Size Distribution (PSD) 


Batch No. \ PSD 
ATV4/PDL/198/19 Doo: 48.2 um 
ATV4/PDL/199/19 Doo: 42.3 um 
ATV4/PDL/200/19 Doo. 32.2 um 

3141900140 Doo; 16.2 um 
3141900141 Doo; 23 um 


2.2.1.3 Process Selection 


Wet granulation methods a-well-estebi:shed industrial manufacturing method for tablets and it is 
more prefer for drug product containing a low dose and API having poor bulk density, flow 
characteristics. Atervastatin calcium is a low bulk density, cohesive poorly flowing powder having 
poor compressietlity nature. Poor material flow may produce excessive weight variability for 
tablets due.tovneven distribution of the API, uneven bulk density and eventually uneven filling of 
die cav.‘icson a tablet press. The materials, which are compressed into tablets, must possess 
adequatoflow-ability, density, and compressibility. This is because the requisite amount of powder 
mixture required to compress each tablet is filled into the die cavity by volume and not by weight. 
This requirement of adequate flow-ability, density, and compressibility is particularly important 
during a high-speed tablet production where the dwell time is often short. For a low-dose 
formulation, wet granulation helps to fix the API particle within the granulation and thus prevents 
segregation during processing. Due to low drug load (around 7.3%, w/w) in dosage form, direct 
compression method is completely ruled out and preferred wet granulation method to control better 
uniformity of the dosage unit. Both wet high-shear and fluidized-bed technique were utilized 
during initial formulation and process development but finally fluid bed granulation technique 
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selected to get soft granules with better disintegration and dissolution profile with RLD. Top sprav. 
granulation ensures better mixing throughout the granulation process which is prerequisite for 
better uniformity of the dosage form. This will also improve the flow-ability and compressi>itity 
of the powder mixture. 


In wet granulation approach, purified water is always a first line of choice due tots inert nature 
and cost effectiveness. From the literature and chemistry of Atorvastatin Calciunimtecule, it can 
be revealed that API is not sensitive to moisture, based on this scientific rationale’and evidence of 
use of purified water by innovator, same solvent (purified water) was preferred as granulating fluid 
in wet granulation process for generic atorvastatin calcium tablets. 


2.2.1.4 Formulation Development Summary 


Formulation development focused on evaluation of the hign *sx.formulation variables as identified 
in the initial risk assessment shown in Table 16. Formulaticntevelopment studies were conducted 
by considering common granulation and blending appt ach for all strengths to ensure bio waiver 
for the lower strengths. To develop the stable ani vio equiyalent formulation of highly variable 
drug product like atorvastatin calcium tables, concept deve:opment was carried out for integrated 
product and process development. Formylation devziopment for generic atorvastatin calcium 
tablets are mainly categorized into two warts ‘ce. retotype formulation development and 
optimization of the finally selected, ingrecients, “Based on concept development, formulation 
development for generic atorvastatin calcium 1; optimized by a systematic approach and 
formulation development trails“pertinent 19 >:he decision making process are presented under 
multiple formulation develonimeat studies.\Cverview of the concept development considered for 
generic atorvastatin calctn tablets preserted below; 


Concept design from, stability view and for desired bioequivalence of atorvastatin calcium 
tablets: 


Atorvastatii» calcium undergoes two major degradation pathways i.e. lactonization and oxidation. 
Atorvasvetin lactone (Atorvastatin Related Compound H) is formed by internal condensation (loss 
of water; of the alcohol and carboxylic acid to form a six-membered ring. This is the major 
Agsradation of atorvastatin calcium can be happened during wet granulation and coated tablet 
rormation, especially in the absence of alkaline earth metal salts. It is well-known that statins are 
pharmacologically active in the hydroxy acid form, whereas the corresponding lactone form may 
be considered a pro-drug which may convert to the active hydroxy acid in vivo. The equilibrium 
between atorvastatin hydroxy acid form, lactone form and inter-conversion kinetics is highly pH 
dependent as represented in Figure 2. 
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Figure 2: Degradation and metabolic nathway of Atorvastatin Calcium 


The acid-catalyzed reaction is reversible, whereas the. vese catalyzed reaction is practically 
irreversible: At pH>6, the equilibrium reaci‘oris no’ detectable and greatly favors the hydroxy 
acid form. For this reason, it is worthwhiie vo create aiear-neutral or basic microenvironment for 
atorvastatin in the pharmaceutical comnos:tiow in oruer to stabilize the equilibrium in vivo i.e. 
avoid presence of the inactive lactone form wit» anicro- environment having a pH at or above 6. 
Moreover, Atorvastatin calcivin exvected tevve dissolved at much faster rates in the case if the 
tablet capable to increase the\pH to a yaiue that meets pKa + | of Atorvastatin acid. The pKa of 
atorvastatin terminal ca‘boxyl group ‘s 4.5. Based on these facts, it is preferred that when pH in 
the gastric microenvironment equal to or greater than pKatl, i.e. 4.5+1=5.5. Thus, in order to 
adjust the basic nitro environmental pH for atorvastatin calcium, composition having an 
“alkalizing agent" to be used in the formulation selected from calcium carbonate &/or other 
alkalizingazgeats. While in order to prevent auto oxidation of atorvastatin in dosage form, high 
level function coating from moisture protective materials can be incorporated in formulation. 


For cesired bioequivalence, atorvastatin calcium should be immediately released within 5-10 
minutes. Accordingly, when atorvastatin calcium is prepared in the form of a tablet, a 
“disintegrant” is desirable for rapid disintegration of the tablet in the gastrointestinal tract within 
a pH from 5.5 to 6.8 and thereby assure that the drug is rapidly available for absorption. The most 
appropriate approach would be to use disintegrant both as intra-granular and extra granular. 


Extra-granular disintegrant first disintegrate the whole tablet into individual granules, intra- 
granular disintegrant finally ensures disintegration of the granules themselves and releasing of the 
active substance from inside the granules. Thus, at least a disintegrant should be used intra- 
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granular. Once atorvastatin calcium completely released from tablet, the nonionic surfactant 
(Polysorbate 80) will helps for quick solubilization of atorvastatin calcium at the site of absorptivn. 
Commonly, surfactants are defined as substances with both polar (hydrophilic) and non-yotar 
(hydrophobic) groups which are preferentially adsorbed at the interface and exhibit self association 
in the bulk of the solution at critical micelle concentration (CMC) and form a micelle of colloidal 
size range with hydrophobic interior and a hydrophilic surface. This hydrophobic pocket inside 
micelle offer an environment for solubilization of poorly water soluble atcrvestatin calctum by 
micellar solubilization. 


2.2.1.4.1 Formulation Development Study 01 


Based on the literature review, qualitative reverse engineeriiy of RLD and evaluation of the 
physicochemical characteristics of RLD seven laboratory sca'ehatches were designed for highest 
strength (80 mg) with the following goal; 


e To see the impact of manufacturing process.on diug product CQAs (i.e. dissolution). 


e To see the impact of intra-granular dilment ead disintegrating agent type and amount on the 
in process CQAs (i.e. disintegration“time) ard finished product CQAs (i.e. Assay and 
dissolution). 


e To see the overall impact of selected ey cipients and their amount on the in-process CQAs 
as well as on drug product.CQAs. 


Key formulation variables considered i1 foriaulation development study 01 presented in Table 19 
and experimental desigt of the relevart batches provided in Table 20. 
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Table 19: Key formulation variables considered in formulation development study 01 


A. Formulation ingredients considered variables in formulation development study 01 


Intragranular disintegrating agent variation Diluent type variation 
Name %, w/w Name 56, Wwiw 
Microcrystalline Cellulose- 
1 Cellul LH-11 : .03 
Low Hydroxypropyl Cellulose ( ) 2.0 MCC (Vivapur 301) 38 
i ivapharm® PVPP XL 10 

a poweene ae oT Sol: SD-60 = 5 - 0 Silicified Microcrystalline 38.03 

nosGanne ose Sodium (AcDiSol; iil ) 0-3. Cellulose (SMCC 90) : 
Sodium Starch Glycolate Type A ((Primojel®) 2.0-3.0 


B. Formulation ingredients/process keep constant in formulation developm™t study 01 


; Ingredients %, w/w / 3 
Particulars ; Kationale 
/process ratio 
Used in.Ri'4e21d croscarmellose sodium effective at 
Extra-granular J : i ? 
disinteccall t Croscarmellose 30 0.5-54 eorcentration as disintegrating agent. To get 
ia Sodium , raj is disintegration, concentration at 3.0% w/w 
con: ‘dered for initial formulation trails. 
Used in PD and magnesium Stearate effective at 
ighaeaiaenseat Magnesium ois U.25-2% ‘csncentration as lubricant. Considering the 
ee eee Stearate ; lov’soluciliry of the API and literature review, 0.75% 
co.cent ation considered for initial formulation trails. 
Used in RLD and surfactant are generally effective at 
u.25-2% concentration for poorly soluble drug. 
Surfactant Polysorbate 80 “Se Considering the low solubility of the API and 
literature review, 0.53% considered for initial 
formulation trails. 
Miiaasiot “alcium Used in RLD and to maintain micro environmental pH 
ics ae et 23.11 above 8.0, calcium carbonate (Heavy) at 23.11% 
modifying agent Carbonate : . es . . 
concentration considered for initial formulation trails. 
Used in RLD and Hyd 1 Cellul ffecti 
doen sed in and Hydroxypropyl Cellulose effective 
: at 0.5-5% concentration as binder. Considering the 
Binder Cellulose (Klucel 2.0 . . : 
EF) diluent quantity and granulation process, 2% w/w 
concentration for initial formulation trails. 
Lactcse > MCC/SMCC Ratio: Composition used in RLD and ratio selected to get 
ret10 1: 1.655 | better compactability. 
To comply the size and shape requirements for 
API content - 7.60 generic products, average weight of the core tablet 


considered around 1140 mg based on evaluation of the 


Granulating Solvent 


Purified water 


Manufacturing process 


High shear wet 
granulation 


Literature data revealed that RLD utilized purified 
water for wet granulation process 
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4 


Table 20: Experimental Design of the Laboratory Batches of Formulation Development Study “1 
B/N: 18- | B/N: 18- | B/N: 18- | B/il:18- | B/N: 18- | B/N: 18- | B/N: 18- 
B-018 B-019 B-0?0. |. B-021 C-010 C-011 C-012 
Ingredient N Grade &/or Brand | (%, w/w) | (%, w/w) SY 0, iw) Ve A) (%, w/w) 
ngredient Name rade &/or Bran | 0, W/W 0, W/W S 0, W/W a oo) 0, W/W 
Atorvastatin Calcium Trihydrate - . : 
Precipitated Calcium Carbonate i : : 23.11 
Pharmatose 200 M Loe : . 22.98 
Vivapur 301 y. . : 38.03 
Silicified Microcrystalline SMCC-90 
Cellulose 
Low Hydroxypropyl Cellulose LH-11 


Vivapharm® PVPP |). 
Crosspovidone XL 10 


i 
Ss 
= 
= 
< 
Ss 
a 
oo 
Ss 
fam 
— 
= 
_ 


Croscarmellose Sodium AcDiSol; SD 600 


Sodium Starch Glycolate 
Type A 


Polysorbate 80 


(Priti oje’®) 


Purified Water # 


Magnesium Stearate 


Croscarmellose Socdtuui 


granular 


Total Cove Tablet Weight (%) 


# Purified water evapoiates during drying process and not a part of final product. 
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Table 21: Brief Manufacturing Procedure of Laboratory Batches Manufactured under Formulation 


Development Study 01 
Unit : : 
Batch No. | Strength ; Specifications/Controls 
Operations 2 
Mesh used: # 24 (Co-sift Atorvastatin calcium and Pres pitated calcium 
Co-Sifting | carbonate) 
and Sifting Mesh used: # 24 (Sift Microcrystalline Cellulost Lactose Monohydrate 
and Croscarmellose Sodium/Sodium Starch\Ciycouate) 
Equipment used: Gansons High Shear Gray mietor (RMG) 
RMG Bowl used: 5 L 
Dry mixing: 
Time-5 Min; 
Impeller Speed- 350 RPM — os 
Wet Wet mixing: 
Granulation | Time- 2 Min; 
Impeller Speed- 350 2Pivis 
Chopper Speed- 1440 2PM; 
Dosing- 50 RPM 
Kneading: 
Time- 2 Min 
18-B-018, Impener Speed- 350 RPN 
18-B-019, Eq tipment used: Phuc Bed Processor 
18-B-020, g ae” 
Produce container-Used: 7 L 
18-B-021, 80 mg Drying 
18-C-010, Inlet air_tenme” ature: 65 + 10°C 
eter Product ‘emperature: 30 + 5°C 
= Equipmcnt used: Oscillating Granulator 
Size Screen size: 1.5 mm 
Reduction | Milling Time: 3 Min 
Milling Speed: 50 RPM 
Equipment used: Bin Blender 
Mesh used for sifting of the extra-granular blending and lubricating 
materials: # 40 
Blending and Bin used: 5 L 
Lubrication Blender speed (RPM): 10 
Total Blending Time: 10 min 
Blending Time: 7 min (70 revolutions) 
Lubrication Time: 3 min (30 revolutions) 
; Equipment Used: Tablet Compression Machine 
Compression - 
Tooling: 19.30 X 10.35 mm, Oval shape (80 mg) 
Ref. LNB R&D/0042 
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Table 22: Summary of Physicochemical Parameter of Formulated Batches Manufactured undez 
Formulation Development Study 01 


Strength Disintegration Time % Assay % Dissolution 
Target: NMT 15 minutes (Limit: NLT (pH 6.8 Piosy hate 
(without disc) 94.5% and NMT Buffer; P iddle; 900 ml; 
105.0% of the 75 PPM; 
labeled amount of ,Zame point: 30 min) 
. I 
Atorvastatin) N@ > | Min. | Max. 
& 
235" 99.2 i 92 89 94 
18-B-019 99.9 9 | 76 95 
2'55" 95.4 92 91 94 
3'05" 3'22" 1eol.1 89 87 90 
240” 3710” 100.7 84 83 85 
18-C-011 3°05” 3°15” 98.5 72 70 74 
3°10” 3° 2 02.2 93 90 96 
Ref. LNB N&D/0047; R&KD/J019; R&D/0028 | 


Drug release of Atorvastatin Calciur: Tablets at phosphate buffer pH 
0.8 


°o Drug Release 


18-B-018 
18-B-020 
18-C-010 
18-C-012 


-—C}— 18-B-019 
~~ 18-B-021 
O- 18-C-011 
-—e— Lipitor 80 mg_W37799 


15 


Time in Minutes 


Figure 3: Comparative release profile for different batches of Atorvastatin Calcium Tablets with 
RLD (Lipitor 80 mg) at phosphate buffer pH 6.8 
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Inference: 


Based on the evaluation of physicochemical results of the batches manufactured in the formutat‘on 
development study 01, below outcomes were concluded. 


e All tablets had disintegration time within 5 minutes. 


e The assay content of all formulations was within 98.5-102.2% whict indicates wet 
granulation process feasible for manufacturing of Atorvastatin Ca'cium tablets. 


e Slower drug release observed for the batches manufacturea.wita Low hydroxypropyl 
cellulose (B/N: 18-C-010) and Crospovidone (B/N: 18-C-01.1) where less than 85% of the 
drug were released within 30 minutes at OGD method. 


e Batches manufactured with Croscarmellose Sodium (3/N: 18-B-018, 18-B-019 and 18-C- 
012) and Sodium starch glycolate (B/N: 18-B-97¢.and 18-B-021) showed that more than 
85% of the drug was released within 30 minutes at OGD method. 


Dissolution profile of the formulated batches aves nowntch with the innovator product. To 
increase the dissolution rate further stuay/ Was considered Uy using top spray granulation (FBP) 
instead of high shear granulation (RM) vas fluid bed granulation generate porous granules with 
better disintegration properties. 


2.2.1.4.2 Formulation Development Study CZ 


Based on outcome of formulation development study 01, two intragranular disintegrating agents 
i.e croscarmellose sodium and sodium starch glycolate type A has been selected to conduct 
formulation development trails at this study for all strength using top spray granulation (FBP) 
process with coUewing goal; 


e }osoc the impact of different wet granulation process (high shear vs. top spray granulation) 
or drug release. 
e To select the optimum intra-granular disintegrating agent. 


Experimental design of the relevant batches provided under formulation development study 02 
presented in Table 23. 
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Table 23: Experimental Design of the Laboratory Batches of Formulation Development Study “2 


Y_ 
B/N: 18-C-009 | B/N: 18-C-027 
Qty/ Qty/ Qty/ Qty/ \% Qty/ Qty/ Qty/ Qty/ (% 
6 Grade &/or Tablet Tablet | Tablet | Tablet :~./w) Tablet Tablet | Tablet | Tablet w/w) 
Stage Ingredient Name Brand (80 mg) (40 (20 fen (80 mg) (40 (20 (10 
mg) mg) |..my mg) mg) mg) 


Atorvastatin Calcium 86.60 | 43.30 | 21.66 dal¥83 | 7.25 86.60 | 43.30 | 21.65 | 10.83 | 7.25 
Trihydrate 


Precipitated Calcium Carbonate Sturcal L 263.50 131.75 00-38 32.94 22.06 263.50 131.75 65.88 32.94 22.06 


Lactose Monohydrate pee 262.00 | 131.00 65.50 | 32.75 | 21.93 | 262.00 | 131.00 | 65.50 | 32.75 | 21.93 
Microcrystalline Cellulose Vivapur 301 433.55 216.72.) 108.29 433.55 216.78 | 108.39 54.19 36.29 


ee aad Croscarmellose Sodium AcDiSol; SD-600 
ea Starch Glycolate (Primojel®) 92.20 
Polysorbate 80 Kolliphor PS 80 6,00 
Hydroxypropyl Cellulose Klucel LF Phazm 
Purified water# NA 

Exira- Magnesium Stearate Ve - 8.55 

granular | Croscarmellose Sodium A<ipiSol; SD-600 34.20 | 17.10 | 8.55 4.28 | 2.86 

Total Core Tablet Weig..* (mg) 1140.00 | 570.00 | 285.00 | 142.50 - 1140.00 | 570.00 | 285.00 | 142.50 - 
; Opadry AMB II* (88A4.86021) N/A 43.84 21.92 10.96 5.48 3.70 43.84 21.92 10.96 5.48 3.70 
aia Purified water# N/A Qs Qs Qs Qs Qs Qs Qs Qs Qs Qs 


Total Coated LSablet Weight (mg) 


1183.84 | 591.92 | 295.96 1183.84 


# Purified water evaporates during drying process and not part of final product. *20% overage considered to compensate process loss. 
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Table 24: Brief Manufacturing Procedure of Formulated Batches Manufactured under Formulatior 


Development study 02 
Unit ’ : 
Batch No. Strength : Specifications/Controls 
Operations 
Equipment used: Vibratory Sifter 
_ Mesh used: # 24 (Co-sift Atorvasvsti'y calcium and 
Co-Sifting Precipitated calcium carbonate) 
and Sifting | Tesh used: # 24 (Sift Microctystai'ine Cellulose, Lactose 
Monohydrate and Croscarm¢ise»Sodium/Sodium Starch 
Glycolate) 
Equipment used: Flu.v2+d Processor 
; Inlet air tempera‘ure: 55 + 10°C 
Drying ae 
Atomizing er pressure (bar): 1+ 0.3 
Drying Tie: 1) Min 
Equipn.e7.vcised: Fluid Bed Processor 
Product :ontainer Used: 8 L 
Top Spray /\rpiot uir terrperature: 65 + 10°C 
18-C-009 Granulation : ~ puie 
“7 a ae 80 mg, 40 mg, Solution nump speed ( ): 1545 
~~ Atomi.ing : i > 140. 
(Cemmon Blend) 20 mg & 10 mg omi. ing : ir pressure (bar) 3 
Eq=pn ent used: Bin Blender 
Meh used for sifting of the extra-granular blending 
a aud lubricating materials: # 40 
Blending 
ana Bin used: 5 L 
Lubrication | Blender speed (RPM): 10 
Blending Time: 7 min (70 revolutions) 
Lubrication Time: 3 min (30 revolutions) 
Equipment Used: Tablet Compression Machine 
; Tooling: 19.30 X 10.35 mm, Oval shape (80 mg), 
Compression 15.50 X 8.15 mm, Oval shape (40 mg), 
12.30 X 6.40 mm, Oval shape (20 mg) and 
9.80 X 5.10 mm, Oval shape (10 mg) 
Coating Equipment Used: Huttlin Drum coater 
Ref. LNB R&D/0042 
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Table 25: Summary of Physicochemical Parameter of Formulated Batches Manufactured undez 
Formulation Development study 02 


Disintegration Time 7e Dissolution 
Target: Seep 15 minutes (pH 6.8 Phosphate Buffer; Pac:dle; 
Batch No. Strength (vithout disc) 900 ml; 75 RPIA; 
(Time point: 320 1971) 
Avg. Paci Te Max. 
18-C-009-A 80 mg 2'10" 100 8 101 
18-C-009-B 40 mg 1'52" 2'05" 95 93 97 
18-C-009-C 20 mg 1'27" 1'37" 97 96 98 
18-C-009-D 10 mg - - 109 99 102 
18-C-027-A 80 mg 2'30" 3'0" 98 96 99 
18-C-027-B 40 mg 1'45" 2'0" 96 94 97 
18-C-027-C 20 mg 1'24" 1'34" 101 99 102 
18-C-027-D 10 mg - : 102 100 106 
Ref. LNB R&D/0542; R&D/0027; R&D/0028 | 


Drug release profile.of Ator vast:.tin Calcium Tablets with at 
phosphav>buffer pH 6.8 


18-C-009-A_80 mg 
18-C-009-C_20 mg 
18-C-027-A_80 mg 
+— 18-C-027-C_20 mg 
Lipitor 80 mg_W37799 


OO 18-C-009-B_40 mg 
~~ 18-C-009-D_10 mg 
O- 18-C-027-B_40 mg 
—e— 18-C-027-D_10 mg 


”, Nrug Release 


40 


15 
Time in Minutes 


Figure 4: Comparative release profile for different batches of Atorvastatin Calcium Tablets with 
RLD (Lipitor 80 mg) at phosphate buffer pH 6.8 
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Inference: 


Based on the evaluation of physicochemical data of the batches manufactured in the formvistion 
development study 02, below outcomes were concluded. 


e All batches of different strengths had disintegration time within 5 minutes. 


e Batches manufactured with intra-granular sodium starch glycolate (B/N: 1%-C-009) and 
croscarmellose sodium (B/N: 18-C-027) showed that more than 85% of the drug was 
released within 30 minutes. As atorvastatin calcium is sensitive aciaic degradation and 
degree of substitution of croscarmellose sodium is higher \ha1,that of sodium starch 
glycolate. Hence, Sodium Starch Glycolate type A having 9i)5.5-7.5 was used as intra- 
granular disintegrant for generic Atorvastatin Calcium tavlets. 


e Similar dissolution profile found across all strengths et OGD media. 


e Dissolution profile of bio strength (80 mg) or generic atorvastatin calctum tablets 
manufactured by top spray granulation precess comparable with RLD (Lipitor 80 mg 
tablet). Hence, top spray granulation cons.dered fea.ibie manufacturing process for generic 
atorvastatin tablets. 


e Rough surface/pin hole of the tavlets nouced arter film coating especially for highest 
strength (80 mg). The potent:al cause of piiriole probably due to lower viscosity of the 
coating suspension and/or because ef tvar1 produced by spray atomization of the coating 
solution. 


2.2.1.4.3 Formulation Devetopment Stuay 03 


The purpose of formulation development study 03 is to take a trail for atorvastatin calcium tablets, 
80 mg with sinslar qualitative composition (core tablets) of batch 18-C-009 from formulation 
development study 02 considered with minor adjustment in quantitative composition to evaluate 
the suitxbi"ty of manufacturing and stability of the chosen formulation prior to upscale / exhibit 
batch oi the final product. In addition, the primary packaging material for atorvastatin calctum 
tal lets was evaluated. 


To increase the viscosity of the coating suspension, combination of Hypromellose 2910, 6 cps with 
ready mix Polyvinyl Alcohol (PVA) based coating materials (Opadry AMB II 88A180021) 
considered for film coating of the core tablets and finally tablets are gloss coated Opadry Clear 
YS-1R-7006 to get acceptable appearance of the final coated tablets. 
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Table 26: Batch Manufacturing Formula for Formulation Development Study 03 


B/N: 18-G-018 
Qty/ Qty/ ‘ (% 
Stage Ingredient Name Grade &/or Brand Tablet Table: we) 
(80 mg) (10 mg) 
Atorvastatin Calcium Trihydrate - 86.60 10 $3 7.24 
Precipitated Calcium Carbonate Sturcal L 247.59 30.91 20.68 
7 Lactose Monohydrate Pharmatose 200 M AT1.0 33.89 22.67 
E Microcrystalline Cellulose Vivapur 301 447.00 55.88 37.37 
a Sodium Starch Glycolate Type A Primojel® 31.60 3.95 2.64 
5 Polysorbate 80 Tween 80 6.05 0.76 0.51 
Hydroxypropyl Cellulose Klucel LF Charm 23.00 2.88 1.92 
Purified Water# WA Qs Qs Qs 
# 4 Magnesium Stearate Veg 5.75 0.72 0.48 
is af Croscarmellose Sodium Acb:Sut; 3D-711 31.60 3.95 2.64 
Total Core TabIot Weight (mg, 1150.00 143.75 96.15 
- Opadry AMB II (88A18&402! yt N/A 40.25 5.03 3.37 
: Hypromellose 2919, 6 crs* Pharmacoat 606 2.88 0.36 0.24 
2 Opadry Clear<Clear; YS-1R-7006)* N/A 2.88 0.36 0.24 
Total Coated Tablet Weight (mg) 1196.00 149.50 100.00 


* 10% overag consider to compensate process loss. # Purified water evaporates during drying process and not a part 
of final poatct. 
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Table 27: Brief Manufacturing Procedure of Batch No. 18-G-018 


Batch No. Strength ue Specifications/Controls 
Operations 
Equipment used: Vibratory Sifter 
Co-Sifting and aie used: i“ 24 (Co-sift Atorvastatin caieium and 
Sifting Precipitated calctum carbonate) = ; 
Mesh used: # 24 (Sift Microcrysta’ tite Celtulose, Lactose 
Monohydrate and Sodium Starch Giycelate) 
Equipment used: Bin Blender XN 
a Bin used: 10 L 
Pre-mixing 
Blender speed (RPM): 19 
Mixing time: 5 Min 
Equipment used: “iu.d Bed Processor 
Product comeme. Used: 8 L 
eae 80 mg Paced Inlet ar ioraperature: 65 + 10°C 
(Cornea Bien) and 10 Soluticn pump speed (RPM): 15 
mg Av .n.izing air oressure (bar): 1+ 0.3 
Equipment usod..Bin Blender 
Mesh us.d fo) sifting of the extra-granular blending and 
é lubr cating materials: # 40 
Blendiagyanu Win usea”5 L 
Lubricetion = 
bieruer speed (RPM): 10 
4 Blending Time: 7 min (70 revolutions) 
Lubrication Time: 2 min (20 revolutions) 
: Equipment Used: Tablet Compression Machine 
Compression | Tooling: 19.30 X 10.35 mm, Oval shape (80 mg), 
9.80 X 5.10 mm, Oval shape (10 mg) 
Coating Equipment Used: Huttlin Drum coater 
Ré” LNB R&D/0042 


Tablez8:‘Summary of Physicochemical Parameter of Formulation Development Study 03 (Core 


Teolety 
Hardness Avg. weight Disintegration Time 
Batch No. Strength (kp) (mg) pee dae 
Avg. Min Max Avg. Min Max : 
disc) 
18-G-018 80 mg 19.81 18.26 | 21.41 | 1154.4 1147.6 1168.3 2 min 10 sec 
Ref. LNB R&D/0042 
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Table 29: Comparative dissolution profile of RLD vs. formulated Batch No. 18-G-018 at USP. 
dissolution media, pH 6.8. 


Dissolution 
Media pH 6.8 Phosphate Buffer 
Apparatus Paddle (USP Apparatus II) 
Volume 900 mL 
Speed 75 RPM 
Proposed A ; : , 
Specification NLT 80% (Q) dissolved in 30 minutes . 
Time W37799 18-G-018 
(Minute) Avg. Min Max % RSD Avg Min Max | %RSD 
5 88 84 93 3.8 8 78 88 3.7 
10 101 98 106 2.2 94 90 96 2.2 
15 102 101 105 14 96 94 98 1.2 
30 104 102 106 it ae] 98 100 0.6 
Ref. LNB R&D/0Po1, K&19/0076 
Comparative dissolution profi e in phosphate buffer USP pH 6.8 
120 
© 2 
100 ¢ ~ n 


OX 


©— Lipitor Tablets 80 mg_W37799 


O-— Atorvastatin Calcium Tablets USP, 80 mg_ 18-G-018 


% Drug Release 
a 
oO 


15 


Time in Minutes 


Figure 5: Comparative dissolution Profile in Phosphate buffer USP pH 6.8 
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Table 30: Summary of Stability Study of Batch No.: 18-G-018 Manufactured under Development 
Study 03 


Packaging Configuration: 200 CC 38 mm CRC: lg s.tica 
canister in each container 


S/N Tests Initial 2 Months 3 Monts 
200ce25°C/ | 299° | a90 cc29ecly 700 ce 
60% RH 40°C/ | 6004 RE 40°C/ 
75% RH | 75% RH 


Description/ Visual 
Examination: White to off white, 
1 | oblong shape tablets having Complies Complies Complies Complies Complies 
embossing AHI on onside and 
80 on other side. 


2 | Water Content by KF (%, w/w) 3.28 3.67 2.66 3.61 3.98 
3 | Assay (%) 102.3 103.0 103.4 100.3 102.5 
4 | Organic Impurities by HPLC (%) 
4.1 | Atorvastatin pyrrolidone analog 0.10 0.08 0.10 0.09 0.12 
42 one related compound 0.06 ™ 0.08 011 0.07 012 
ra Lana aero gets ND 0.06 ND 0.11 
pyrrolooxazin 6-hydroxy analog 
44 Atorvastatin epoxy ND ND ND ND ND 
pytrolooxazin 7-hydroxy analog 
4.5 | Atorvastatin epoxy THF aneteg*) = ND 4 0.01 ND ND ND 
46 ee related Corzpoura G01 0.03 0.04 0.01 0.04 
ified 
FT a leaner aeae 0362 0.06 0.04 0.07 0.03 
degradation product 
4.8 | Total impurity 0.34 0.31 0.40 0.28 0.48 
5 Demneeor ee moniae | sox | sex | ss% | som | sin 
deem) (94~98) (93~96) (90~98) (95~98) (88~96) 
Ref. LNB R&D/0061, R&D/0066, R&D/0076 
hiference: 


Formulation composition, manufacturing process and container closure systems considered for the 
batch 18-G-018 met predefined quality attributes of drug product. Based on satisfactory stability 
study results as well as comparable release profile with RLD, this batch was sent to conduct pilot 
bio equivalence study to get the idea of the sample size and study design at pivotal scale 
bioequivalence study for this highly variable drug product. 
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Summary of Pilot Fasting State BE: 
Reference product: Lipitor® (Atorvastatin Calcium) Tablets, 80 mg by UPIOHN 
MANUFACTURING IRELAND UNLTD (Formerly Pfizer Inc.) 


Lot No: W37799 (Expiry: August 2020) 

Test product: Atorvastatin Calcium Tablets USP, 80 mg 
Batch No: 18-G-018 (Manufacturing date: July, 2018) 
Study No: BE/18/509 


Table 31: Summary Pharmacokinetic Parameters of Pilot BE Study (\s cer Fasting Condition) 


Pharmacokinetic Parameters Ratio, 90 % C.I, hi cra-Subject % CV 
9% SA Intra-Subject % CV 
08:21 135.96 21.50% 
118.04% 103.45- 134.69 20.57% 


PK Ratio (A With B) of Atorvastatin fur raramete~s max, AUCo-+ and AUCo-int 


Con wis, 
7871 

198.9 

161.98 

153.01 

123.45 

36.68 

09.16 

148.13 

135.31 

107.95 

219.03 

114.98 

112.7 

2.19 

2.7 

15 

| 13632 

| 2.57 
: 69.16 
3 114.98 
219.05 

34.49 
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Mean Plasma Concentration (ng/mL) vs. Time Profile 
Atorvastatin Calcium 80 mg Tablet , Under Fasting Condition 
(Analyte : Atorvastatin ) 


120.00 + 
100.00 
—~ 80.00 
—_ 
& —¢—Test (A) 
= 60.00 
= —ii~ Ref (B) 
i—| 
i) 
O 40.00 
20.00 - 


0.00 Bs —— t—- ———— 
0.00 6.00 12.00 18.00 24.00.30:00 36.L9 42.00 48.00 54.00 60.00 66.00 72.00 


Tinze (rs.) 


Figure 6: Plasma Drug Coi centration versus Time Profiles of the Test Product (Atorvastatin 
Calcium Tablet USP, 80 mg) vs. ALD (Lipitor 80 mg tablets) at Pilot Fasting State BE 


Inference: 


Although 96% CI observed wider and was not fall within BE limit 80-125% but Test/Reference 
ratio of ?i7 narameters of this study at 111.47- 118.46% is promising for pivotal BE passing with 
adeq: ate.sample size and study design recommended in product specific guidance of atorvastatin 
ca. cium tablets. From individual PK Ratio (Test with Ref) of Atorvastatin calcium for Parameters 
Crex, AUCo+ and AUCo-ing and Intra-Subject % CV, it can be concluded variability observed in 
PK parameters is intrinsic to the drug rather than formulation attributes in this study. 
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2.2.1.4.4 Formulation Development Study- 04 


Based on evaluation of the prototype stability data, in-vivo results and outcomes of manufac‘tiing 
process at formulation development study 01 to study 03, laboratory scale trails conducted with 
minor adjustment in quantitative composition at core stage and qualitative compositien change in 
coating stage to derive the final prototype formulation for formulation optimizatic¢n and process 
characterization study. Finally, selected formulation composition has been presertca in Table 32 
and this optimized formulation was stress tested to compare the degradation »roduct with the batch 
evaluated at up-front stability study (B/N: 18-G-018). Summary of tha,stress testing has been 
presented in Table 35 (for 10 mg) and Table 36 (for 80 mg). 


Table 32: Batch Manufacturing Formula for Formulation Deve eoment Study 04 


B/N: 20-F-014 
. Grade &/or Qtv/ Pablet Qty/ Tablet (% 
Stage | Ingredient Name Brand (80 mg) (10 mg) i) 
Atorvastatin calcium = 
Trihydrate N/A 86.46 10.83 7.53 
Precipitated Calcium Sturt. ers 33.34 22.50 
Carbonate ~~ ~~ 
1 
ig _| Lactose Monohydrate y aa 270.00 33.75 23.48 
= c 
5 Microcrystalline Cellulose Vivapur 501 439.78 54.97 38.24 
i 
2 Sodium Starch Glycolate Prinran® 98.75 3.59 2.50 
§ Type A 1W61 : : : 
| Polysorbate 80 Cy FS 2.88 0.36 0.25 
Hydroxypropv! Celitilose cea 28.75 3.59 2.50 
Purified Water# N/A Qs Qs Qs 
4 4 Magiies*uii Stearate Veg. 8.63 1.08 0.75 
al 
eed : : 7 
si = Crosarmellose Sodium ae; ay 28.75 3.59 2.50 
Total Core Tablet Weight (mg) 1150.00 143.75 100.00 
Opadry II White - 
se | (38A180021)* N/A 40.25 5.03 
3 Hypromellose 2910, 6 cps* — 2.88 0.36 - 
Oo 
Opadry Clear ; 
(Clear; YS-1R-7006)* ne 288 one 
Total Coated Tablet Weight (mg) 1196.00 149.50 - 


#Purified water evaporates during drying process and not part of final product *20% overage consider to compensate 
process loss. 
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Table 33: Brief Manufacturing Procedure of Formulated Batches Manufactured under Formulation 


Development Study 04 
Unit : : 
Batch No. | Strength : Specifications/Controls 
Operations 
Mesh used: # 24 (Co-sift Atorvastatin calcium and Precipitated 
Co-Sifting | calcium carbonate) 
and Siftng | Mesh used: # 24 (Sift Microcrystalline . Celluiose, Lactose 
Monohydrate and Sodium Starch Glycolate) 
Equipment used: Fluid Bed Processor. 
Product container Used: 8 L . 
Top Spray Inlet air temperature: 70 + 10°C 
Granulation | Solution pump speed (RPM) \15 + »0 
LOD: NMT 2.08% 
nites 80 mg & Drying time: 20 Min 
(Common 10 mg Equipment used: Fir 2 lender 
Blend) ae ; 
Mesh used for si‘ting of the extra-granular blending and 
lubricating mite, ials: # 4° 
Blending and | Bin used: 10%, 
Lubrication | Blende= speed (RPI): IE 
| Blending Time*10 min 100 revolutions) 
bub™.cation.tine : 5 min (50 revolutions) 
“quipmei t Uscd: Tablet Compression Machine 
Compression. | Toolinee 19.30 X 10.35 mm, Oval shape (80 mg), 
9.80 X 5.10 mm, Oval shape (10 mg) 
Coatn.g Equinn.ent Used: Gansons coater 
Ref. LNB R&D/0217 


Table 34: Physica! Characterization of Atorvastatin calctum Tablets USP, 80 mg and 10 mg of 
Study 04 (Core Tablet) 


Weight Variaiton Hardness Disintegration =a 
Bato Mar” Streng (mp) (Kp) Time Friabilit 
ate Ne th (without disc) y(%) 
Min. Max. Avg. Min. | Max | Avg. FT LT 
20-r-014-A 10mg | 145.02 150.66 148.29 6.49 9.23 7.89 53” 1°06” 0.15 
20-F-014-B 80mg | 1145.00 | 1169.55 | 1153.82 | 15.75 | 21.61 | 19.74 | 1°52” | 2°01” 0.02 
LNB Ref. R&D/0217 
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4 


Table 35: Stress Testing Results of Batch No.: 20-F-014-A (10 mg) Manufactured under Develormeni Study 04 


Packaging Configuration: 40CC HDPE » Se with 33mm CRC (without desiccant) 
Tests/Specifieations Initial 7 days 7 days 7 days 14 days 14 days 14 days 
40°C/75%RH_ | 40°C/75°4R4| 60°C: =| 40°C/75%RH | 40°C/75%RH | 60°C 
(Open) (Clese, (Close) (Open) (Close) (Close) 
Organic Impurities by HPLC : 
Atorvastatin pyrrolidone analog; NMT 0.5 % 0.05 % 0.08 % U.07 % 0.12% 0.08 % 0.06 % 0.16 % 
Atorvastatin related compound H; NMT 1.0 % 0.04 % 0.07 % 0:96 5 0.15 % 0.02 % 0.02 % 0.17% 
eaters aa 6-hydroxy ND 0.02% Nob ND ND ND ND 
abe AM oe TEENS 505.9% J04% 0.05 % 0.11 % 0.03 % 0.04% 0.14% 
pela ay ete NMTis% | 002% 0.054% 0.02 % 0.06 % 0.05 % 0.03% 0.09 % 
Re unspecinied deuradasion product, NNUT'! amy Ne wove 0.01% 0.03 % 0.03 % 0.04% 0.06 % 
Total impurities; NMT 4.0 % 0.20 % 0.30 % 0.23 % 0.52 % 0.26 % 0.22% 0.74 % 
Ref. LNB R&D/0206, R&D/0211 
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Table 36: Stress Testing Results of Batch No.: 20-F-014-B (80 mg) Manufactured under Development’‘Summary 04 


a 


Packaging Configuration: 100CC H Dr 5 container with 38mm CRC (without 


des‘cc ant) 
7 days 7 days 1 GOVS 14 days 14 days 14 days 
Tests/Specifications Initial 
40°C/75 40°C/75 50°C 40°C/75 40°C/75 60°C 
%RH %RF ines %RH %RH Cisse 
Open Clese Open Close 
Organic Impurities by HPLC 
Atorvastatin pyrrolidone analog; NMT 0.5% 0.05% 0.07% 0.06% 0.12% 0.07% 0.06% 0.15% 
Atorvastatin related compound H; NMT 1.0% 0.04% 0.07% OS 0.19% 0.03% 0.02% 0.27% 
Atorvastatin epoxypyrrolooxazin _6-hydroxy a 4 a 
analog: NMT 0.5% 0.02% c ~— ~ ND ND ND ND 
Atorvastatin epoxypyrrolooxazin 7-hydroxy é é é é é é 
analog; NMT 0.5% 0.02% ND 0.03% 0.08% 0.03% 0.04% 0.07% 
Atorvastatin epoxy THF analog & eros es é ; é é é 
Atorvastatin related Compound D; NMT 1.5% ry’? ~~ one? DOTA ona oer es 
de a aac a aa a 0.01% 0.01% 0.02% 0.03% 0.04% 0.05% 
® 0 
Total impurities; NMT 4.0% 0.27% 0.21% 0.19% 0.51% 0.23% 0.23% 0.71% 
Ref. LNB R&D/0206, R&D/0211 


Inference: 


Lactone impurity as we1.any other unknown impurity observed minimum at stress condition with selected formulation composition at 


formulation developrmert summary 4. Hence, Batch No. 20-F-014 was selected for formulation and process optimization. 
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2.2.1.5 Formulation Optimization Study 


Purpose: 


The formulation optimization study was developed to establish the design space for formulation 
composition. Manufacturing process and formulation composition finalized in ‘oryaulation 
development study 4 was considered basis for formulation optimization study. 


Formulation optimization study of potential formulation components conductyd independently for 
intra-granular part and extra-granular part. Considering the common grenuiation and common 
blending process for Atorvastatin Calcium Tablets, bracketing apjrcact’ (80 mg and 10 mg) 
considered at formulation optimization stage, however, scale up L%tch tias been evaluated for all 
strengths. Proposed optimization plan for the intra-granular “ermuiation ingredient and extra- 
granular formulation ingredient has been presented in Table 5 end Table 38 respectively. 


Table 37: Optimization Plan of Formulation Variables (1itra-granular) 


Factors: Formulation 
Variables (Intragranular) 


Concentra.*a.) of ingre@ien: in optimization summary 


(% w/w tone core tablet) 


-1 
(Lower concertr«tion) 


U 
(p.imura concentration) 


+1 
(Higher Concentration) 


Lactose Monohydrate 


(Klucel EF Pharm) 


(Pharmatose 200M) RN ue a 
Ra Cellulose 23.24] 38.24] 53.241 
Carbonate (Sturcal) mm — = 
Type A Pamojel) = an “ 
Hydroxypropyi Ce:tulose 1.750 2.250 2.750 
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Table 38: Experimental Design for Intra-granular Formulation Optimization study 


Design of Experiment independent Verables Ree: 
(Intra-granular ingredient variation) 
Lactose : Precipitated Sodium Hyasoxypro 
Batch No. Monohydrate Microcrystalline Calcium Starch ; pyl 
(%) Cellulose (“%) Carbonate Glycolate Cellulose 

(%) (Yo) (%) 
1 20G021 30.978 38.492 15.000 2.096 2.500 
2 20G022 21.978 53.241 7.500 2.500 2.750 
3 20G023 21.978 53.241 7.500 3.500 2.750 
4 20G024 8.478 45.991 30.259 1.500 2.750 
5 20G025 21.978 23.241 37.500 3.500 2.750 
6 20G026 24.978 53.241 7.500 1.500 1.750 
7 20G027 23.478 38241 22.500 2.500 2.250 
8 20G028 15.978 28.991 20.000 2.000 2.000 
9 20G029 38.478 30.997 15.250 1.500 2.750 
10 20G030 23.478 33.241 22.500 2.500 2.250 
11 20G031 R475 91 30.250 1.500 2.750 
12 20G032 21.978 23.241 37.500 3.500 2.750 
13 20G033 38.478 23.241 22.000 3.500 1.750 
14 20G034. 24.978 23.241 37.500 1.500 1.750 
15 205035 30.978 37.991 15.000 3.000 2.000 
16 20G036 8.478 45.491 29.750 3.500 1.750 
% 20G037 23.478 38.241 22.500 2.500 2.250 
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Table 39: Brief Manufacturing Procedure of the Batches for Intra-granular Optimization 


Batch Size: 1.150 kg for each batch 


and Sifting 


Batch No. Unit Specifications/Controls 
Operations 
Mesh used: # 20 (Co-sift Atorvastatin calcium and Precipitated 
Co-Sifting | calcium carbonate) 


Mesh used: # 20 (Sift Microcrystal:me,Cutlulose, Lactose 
Monohydrate and Sodium Starch Glyselats) 


20G021, 20G022, 20G023, 
20G024, 20G025, 20G026, 
20G027, 20G028, 20G029, 
20G030, 20G031, 20G032, 
20G033, 20G034, 20G035, 


Pre-mixing 


Top Spray 
Granulation 


Equipment used: Bin Blender 

Bin used: 5 L 

Blender speed (RPM): IC 

Mixing time: 10 Min 

Equipment used: F tid bed Processor 
Product contaier Used: 8 L 

Inlet air temper.tuze: 65 + 10°C 
Solution puivy, speed (RPM): 25+ 5 
Product-hed temperature: 40 + 10°C 
Atowizing air presstre (bar): 1+ 0.3 


20G036, 20G037 
(Common Blend) 


Blending aid 
Lubrict tion 


Lquipnient usec: Lin Blender 

Nfesii used for siting of the extra-granular blending and 
iubricating 1octerials: # 40 

Bin sea: 5.7. 

Blender speed (RPM): 10 

bronaing Time: 10 min (100 revolutions) 

Lubrication Time: 5 min (50 revolutions) 


Compres.ion 


Coating 


Lquipment Used: Tablet Compression Machine 
Tooling: 19.30 X 10.35 mm, Oval shape (80 mg), 9.80 X 5.10 
mm, Oval shape (10 mg) 


Equipment Used: Gansons coater 


Re’, LNB 


R&D/0154, R&D/0217, R&D/0221 
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Table 40: Physical Characterization of Different Batches of Intra-granular Optimization Stage 
(Granules) 


Batch No. | Strength Granules Granules | Granules Carr's Hausner Flow 
LOD at Bulk Tapped Index Ratio Cyaracter 
105°C Density Density ) 

1.79% 0.43 1.07 Excellent 
1.98% 0.35 10.26 Wii 
1.33% 0.43 23.2% VP 1.30 
1.46% 0.45 435 1.04 


206025 | 146% | 
20G026 1.42% 0.43 0.47 85] 


20G021 
20G022 
20G023 
20G024 


20G027 1.84% 0.45 0.4908, NSs.16 
20G028 ee 1.94% 0.47 a2 9.62 
20G029 and 1.62% 0.44 0.86 


Ref. LNB R&D/0217, R&D/0221 


20G030 10 mg 
20G031 
20G032 
20G033 
20G034 
20G035 
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Table 41: Physical Characterization of Different Batches of Intra-granular Optimization Stage (Core Tablet) 


Uniformity of Weight (mg) Sisintegration Time | Friability (%) 


Target: 1150.000 mg + 5.0% panes tee pine ee (Target: NMT 
Batch No. Strength (1092.500-1207.500) mg ey De eee oe Hn 10% wii OM 
6 tablets (without disc) NLT 6.50 g 
[1132.33 2 
2 
3 


: : FT 
: P ] 
| 
| 
| 


Ref. LN3 


1153.15. 15.14 ne 88 15.50 4104" 0.13% 
1154.75 |© 19.38 | 73.00 21.87 1'40" 0.10% 
TS 94 T”, 19.43 18.16 2'0" 0.06% 
1142 | Cis.§1 18.49 17.38 154" 0.12% 
55-0 1155.49 \D27.79 | 21.18 19.35 236" 0.09% 
57.9 | 115058 17.53. | 20.29 18.47 2'0" 0.18% 
1145.24 | (f19K47 | 1hses9 17.53 19.43 18.44 1'40" 0.10% 
129.57] 1172.58 | 1135596 _|_1855 | 20.88 19.23 4'52" 0.09% 
11399.) 116734 | 1155.02 14.79 18.49 16.65 2'51" 0.17% 
Landeo1 | 118749 | 115409 | 17.09 | 21.03 18.76 1'54" 0.04% 
[128.98 | 1167.7 1149.98 17.36 20.39 18.91 1'40" 0.07% 
1140.31 | 1176.15 | 1158.91 11.26 15.08 13.44 2'40" 0.15% 


R&D/0221 


20G024A 1139.54 | 1169.36 | 1153.53 | ‘rose | 19.70 | 18.33 316" 0.03% 


1175.57 


*Avg. weight calculace 1 for 19 Tablet. 
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Table 42: Physical Characterization of Different Batches of Intra-granular Optimization Stage (Core T ablet) 
| Disintegration Time 
Target: NMT 15.0 Friability (%) 


minutes determined (Target: NMT 1.0% 
on 6 tablets (without w/w on NLT 6.50 g 


Uniformity of Weight (mg) 
Target: 143.750 mg + 5.0% (Kp) 
(136.563-150.938) mg P 


Hardness | 
Batch No. Strength 


Ref. LNB 


6.10 

py 

€.20 

4 0u 

147.37_% 148.15 5.10 
ES a IN 

146.87.) 16.65 


742 


7.58 
8.68 
8.42 


R&D/0221 


disc) Tablets) 


FT 
0' 


LT 
4 5 
3 0.1 
4 5 0.0 
3 3 0.1 
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Table 43: Dissolution Data of Generic Atorvastatin Calcium Tablets USP, 80 mg and 10 mg Testee 


under Formulation Optimization Studies (Intra-granular part) (Coated Tablet) 


reas pH 6.8 Phosphate Buffer 

Apparatus | Paddle (USP Apparatus II) 

Volume 900 mL : 

Speed 75 RPM 

% Drug Release in 30 min 
80 mg 10 mg 
Batch No. Avg. Min. Max. ie Batch Ne. | “vg. Min. Max. ie 
RSD RSD 
20G021A 89 88 91 1.4 20G921¥ 90 88 91 1.4 
20G022A 90 88 91 1.6 20G6 2B 91 89 92 1.5 
20G023A 90 90 91 0.7 91 20G023P 92 90 93 1.3 
___% OY A ee ee 

20G024A 89 86 90 26 20GS24b 89 88 90 0.7 
20G025A 85 82 87 2e1 2UGL25B 89 88 89 0.6 
20G026A 93 90 94 A 6 263026B 93 91 94 0.9 
20G027A 91 90 92 V7 20G027B 90 89 91 0.7 
20G028A 88 87 90 5 20G028B 90 88 91 1.6 
20G029A 94 92 95 0.6 20G029B 92 89 95 2.3 
20G030A + 92 95 1.2 20G030B 94 93 95 0.9 
20G031A 88 a 87 89 0.7 20G031B 90 88 93 2.3 
20G032A 88 86 90 1.5 20G032B 92 91 93 1.0 
20G023 89 88 90 1.0 20G033B 89 88 89 0.4 
TUCOI4A 92 89 94 1.8 20G034B 90 89 91 0.8 

20G035A 90 89 91 0.9 20G035B 92 90 94 1.8 
20G036A 84 82 86 1.8 20G036B 81 77 85 3.4 
20G037A 91 90 93 1.5 20G037B 89 88 90 0.8 
Ref. LNB R&D/0209, R&D/0215 
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Table 44: Assay Result of Generic Atorvastatin Calcium Tablets USP, 80 mg and 10 mg Tested 
under Formulation Optimization Studies (Intra-granular part) (Coated Tablet) 


80 mg 10 mg 
% Assay % Assay 
Banos || coats | ee tena 
amount of Atorvastatin) Awrvostatin) 
20G021A 98.8 20G021B 98.1 
20G022A 97.8 20G022B NAG 97.0 
20G023A 100.0 20G023B 99.6 
20G024A 100.9 20G02/ 99.6 
20G025A 100.3 20CU25R 101.7 
20G026A 99.2 20G026B 100.4 
20G027A 98.8 20G0278 100.5 
20G028A 97.1 , 20C028 3 100.0 
20G029A 98.1 296029B 100.2 
20G030A 98.9 20G030B 101.5 
20G031A 10S 20G031B 99.1 
20G032A f “100.0 OO 20G032B 99.0 
20G033A 99.7 20G033B 98.3 
20G034A 99.6 20G034B 99.1 
20G0.5A 98.8 20G035B 98.6 
29GU36A 99.8 20G036B 98.8 
20G037A 99.1 20G037B 98.6 
L Ref. LNB R&D/0213, R&D/0211 
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Table 45: Content Uniformity Result of Generic Atorvastatin Calcium Tablets USP, 80 mg Tested 
under Formulation Optimization Studies (Intra-granular part) (Coated Tablet) 


% of Atorvastatin Content 

Batch 20G0021 | 20G0022 | 20G0023 | 20G024 | 20G025 | 20G026 | 20G027 | 20G028 »20G029 
No. A A A A A A A A A 
Sample | 97.0 95.8 98.6 100.2 97.0 98.0 99. 400.3 103.9 
Sample 2 96.7 96.6 100.6 99.9 97.7 96.3 G5 99.2 102.3 
Sample 3 97.1 96.8 100.1 98.6 98.0 96.7 99.3 99.2 102.3 
Sample 4 96.7 96.6 97.0 98.4 99.5 97.9 99.2 99.1 98.6 
Sample 5 97.9 96.0 99.0 98.3 96.6 Wk 97.8 99.3 99.1 
Sample 6 96.5 96.3 108.3 100.2 STA 100.0 98.9 98.8 99.2 
Sample 7 96.4 94.5 97.5 99.3 97.8 99.4 97.2 98.3 99.3 
Sample 8 97.8 94.7 96.9 100.1 98.9 “99.1 98.3 98.6 99.4 
Sample 9 98.5 94.6 97.9 $8.7 98.9 99.5 98.7 103.4 99.3 
Sample 10 98.6 95.6 106.1 98S 38.3 97.6 98.5 99.0 101.4 
Average 97.3 95.7 100.2 99.5 98.0 98.1 98.7 99.5 100.5 

a  Y 
Minimum 96.4 94.5 96.9 38.3 96.6 96.3 97.2 98.3 98.6 
Maximum 98.6 96.8 108.3 100.2 99.5 100.0 99.8 103.4 103.9 
%RSD 0.8 0.9 3.9 0.8 0.9 1.3 0.8 1.5 1.8 
Acceptance x 
e value vl 4.9 9.5 1.9 27 35 1.9 3:5 4.4 
<15 
Ref..UN8 R&D/0211, R&D/0212, R&D/0203, R&D/0213 
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Table 46: Content Uniformity Result of Generic Atorvastatin Calcium Tablets USP, 80 mg Tested 


under Formulation Optimization Studies (Intra-granular part) (Coated Tablet) 


% of Atorvastatin Content 

Batch No 20G0030 20G0031 20G0032 20G033 20G034 20G035 20G036 20G037 

g A A A A A A & A 

(a ee ee ee ee 
Sample 1 99.1 101.5 97.5 99.9 98.0 101.9 1072.6 101.0 
Sample 2 101.8 102.9 99.3 97.8 97.0 103.9 105.2 102.6 
Sample 3 99.6 105.2 98.1 97.8 96.7 »OM4 103.0 103.0 
Sample 4 99.5 104.2 101.2 98.0 97.6 103.5 103.3 101.5 
Sample 5 100.3 102.5 97.8 98.5 )00 4 103.4 104.7 101.7 
Sample 6 99.5 103.5 100.3 98.2 99.7 101.7 101.5 101.3 
Sample 7 100.7 101.3 98.7 O75 98 2 102.9 102.7 102.4 
Sample 8 99.0 104.8 100.1 97.1 G29 100.8 103.1 102.8 
Sample 9 101.5 102.8 105 901 100.4 102.4 101.2 103.2 
Sample 10 98.8 105.7 G27 98.2 101.3 101.2 103.2 102.4 
| = 
Average 100.0 103.4 99.2 98.5 98.8 102.2 103.1 102.2 
Minimum 98.8 YU 97-5 97.1 96.7 100.8 101.2 101.0 
Maximum 101.8 105.7 101.2 99.9 101.3 103.5 105.2 103.2 
pe ff 

%RSD 1. 1.5 1.3 0.9 1.6 0.9 1.2 0.7 
Acceptanc 
e value 2.5 5.5 3.1 2.2 3.7 3.0 4.5 2.4 
<15 
Ref. 2B R&D/0211, R&D/0212, R&D/0203, R&D/0213 
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Table 47: Content Uniformity Result of Generic Atorvastatin Calcium Tablets USP, 10 mg Tested 
under Formulation Optimization Studies (Intra-granular part) (Coated Tablet) 


% of Atorvastatin Content 
Batch 20G0021 | 20G0022 | 20G0023 | 20G024 | 20G025 | 20G026 | 20G027 | 203025 | 20G029 
No. B B B B B B B B B 
Sample 1 95.3 94.4 96.2 103.0 102.7 100.6 99.6 100.2 100.0 
Sample 2 96.8 93.3 96.0 101.9 102.0 102.2 120.9 101.7 102.3 
Sample 3 95.2 93.0 95.4 101.6 101.4 10t. 98.8 100.5 103.1 
Sample 4 96.1 94.3 97.7 102.2 101.2 IN 102.1 99.8 100.1 
Sample 5 95.0 94.0 97.5 102.9 104.1 101.5 101.9 100.4 101.4 
Sample 6 95.7 95.4 97.0 105.5 1%.5 ’ 100.7 102.3 99.6 103.1 
Sample 7 98.8 94.7 95.3 105.3 100.4 99.0 99.3 100.7 104.2 
Sample 8 96.9 93.9 96.7 103.0 Jeo. 2 . 100.9 99.7 102.0 100.2 
Sample 9 96.1 94.4 96.2 Ni047 TOS | 101.0 101.1 100.2 100.1 
Sample 10 98.2 94.2 ob0 103.5 102.9 101.5 99.5 101.8 101.6 
Average 96.4 94.2 96.6 lot 101.6 100.7 100.4 100.7 101.6 
Minimum 95.0 97.0 ‘x 95.3 \016 100.2 99.0 98.8 99.6 100.0 
Maximum 98.8 55.4 98.0 105.5 104.1 102.2 102.3 102.0 104.2 
%RSD 1.3 0.7 1.0 1.4 1.3 1.0 1.4 0.8 1.5 
Acceptance 
e value 5.1 6.0 4.2 5.2 3.2 2.4 3.3 2.1 3.7 
<15 
Refs UN2 R&D/ 0211, R&D/ 0212, R&D/ 0203, R&D/ 0213 
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Table 48: Content Uniformity Result of Generic Atorvastatin Calcium Tablets USP, 10 mg Tested 


under Formulation Optimization Studies (Intra-granular part) (Coated Tablet) 


% of Atorvastatin Content 

Batch No. 20G0030 | 20G0031 | 20G0032 | 20G033 | 20G034 | 20G035 | 20Gf36 | 20G037 

B B B B B B B B 
Strength 10 mg 10 mg 10 mg 10 mg 10 mg 10 mg lo mg 10 mg 
Sample 1 98.2 94.2 94.9 95.3 94.1 9478 96.1 95.7 
Sample 2 97.4 100.1 98.7 94.5 96.6 ve 96.2 93.4 
Sample 3 98.1 96.5 98.6 95.2 96.8 93.6 95.1 95.1 
Sample 4 98.6 95.0 99.6 95.4 IS 0 96.0 96.0 95.9 
Sample 5 92.8 99.7 98.1 95.0 99.4 93.5 94.3 97.6 
Sample 6 99.5 102.3 96.8 €7.3 IA 96.1 95.3 93.1 
Sample 7 98.5 95.0 99.1 97.0 98:5 96.8 95.7 93.5 
Sample 8 99.7 97.7 95.3 \ 99.1 NE 97.0 96.7 94.3 91.8 
Sample 9 98.2 96.7 99 92.9 95.2 97.1 93.2 96.3 
Sample 10 97.0 95.2 98.1 95.9 94.6 93.6 93.8 95.0 
Average 97.8 97. ~< 67.8 \ 95.6 96.4 95.2 95.0 94.7 
Minimum 92.8 94.2 94-9 93.9 94.1 93.5 93.2 91.8 
Maximum 99.7 102.3 99.6 97.3 99.4 97.1 96.2 97.6 
%RSD 9.8 2.8 1.4 1.1 1.7 1.5 1.1 1.8 
Accepte ic 
e value 2.1 7.7 3.9 5.4 6.0 6.8 6.0 8.0 
<15 
Ror. LNB R&D/ 0211, R&D/ 0212, R&D/ 0203, R&D/ 0213 
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Table 49: Design Range of Formulation Variables (Intra-granular part) for Generic Atorvastatin 
Calcium Tablets USP, 10 mg, 20 mg, 40 mg and 80 mg 


Factors: Formulation Variables 
(Intra-granular) 


% w/w amount in Final 
Formulation (Core Tablet) 


Design Space in Formelatio.) 
(% w/w to the core tabict) 


Lactose Monohydrate 
(Pharmatose 200M) 


23.478 


(8.478-32/478) 


Microcrystalline Cellulose 


Precipitated Calcium Carbonate 


38.241 


(Vivapur 301) ~ 


(2. 2-\1-3.241) 


7 500- 
(Sturcal L) 22.500 / (7.500-37.500) 
Sodium Starch Glycolate Type A ; 
(Primojel®) 2.500 (1.500-3.500) 
Hydroxypropyl Cellulose 3 
Klucel EF Pharm 2.250 (1.750-2.750) 


Extra-granular Formulation Component Optimization: 


Table 50: Optimization Plan of Extra-granular Formulation Components 


Factors: Formulation 
Variables (Extra-granular) 


Concent ation of ingreciea..t in Optimization Summary 
(% w/w to the core tablet) 


-1 0 +1 
(Lower concentration) | (Gptmum concentration) | (Higher Concentration) 
Croscarmellose Sodium (%) 2.1.90 | 2.750 2.900 


Magnesium Stearate (%) 


4.350 0.750 1.150 


Table 51: Experimental Design for Ex‘ra-granular Optimization Study 


Desigi. of “xperiment Independent Variables 
(Extra-granular) 
DOE Run No. Batch No. Croscarmellose Sodium Magnesium Stearate 
i ee (%) (%) 
r 20G045A 2.100 1.150 
2 20G045B 2.900 0.350 
3 20G045C 2.500 0.750 
4 20G045D 2.500 0.750 
5 20G045E 2.300 0.950 
6 20G045F 2.700 0.550 
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Table 52: Brief Manufacturing Procedure of Different Extra-granular Formulation Optimization 
Batches 


Batch Size: 6.289 kg (Further divided into 6 sub batches; Batch No. 20G045A, 29G0-'5B, 
20G045C, 20G045D, 20G045E and 20G045F for Extra-granular Optimization) 


Unit 
Batch No. Wes Specifications/Con.vo!s 
Operations 
Equipment used: Vibratory Sifter 
Co-Sifting Mesh used: # 20 (Co-sift Atoraste:i»calcium and Precipitated 


calcium carbonate) 

Mesh used: # 20 (Sift Microcrystalline Cellulose, Lactose 
Monohydrate and SodiunsStarch Glycolate) 

Equipment used->.b.1 © ender 

Bin used: 40 L 

Blender spe2uRy M): 10 

Mixing time: 10 min (100 revolutions) 

Equiprient used: Fiid Bed Processor 

Product. containes Used: 40 L 

Top Spray Tnict air temperacure: 65 + 10°C 

Granulation. ,.Soiution nu up speed (RPM): 30+ 5 

Product cu temperature: 40 + 10°C 

Atomizing air pressure (bar): 1+ 0.3 

FKquipment used: Bin Blender 

Mesu used for sifting of the extra-granular blending and 
‘ubricating materials: # 40 

Bin used: 5 L 

Blender speed (RPM): 10 

Blending Time: 10 min (100 revolutions) 

Lubrication Time: 5 min (50 revolutions) 


and Sifting 


Pre-mixing 


20G045 
(Common Blend) 


Biending aid 
Lubrication 


Equipment Used: Tablet Compression Machine 
Compression | Tooling: 19.30 X 10.35 mm, Oval shape (80 mg), 9.80 X 5.10 
mm, Oval shape (10 mg) 


Equipment Used: Gansons coater 
Coating pan used: 273mm 


Ref. LNB R&D/0154, R&D/0221 


Coating 
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Table 53: Physical Characterization of Different Batches of Extra-granular Optimization Stage (Core,tablet) 


| Disintegration Time 
| Target: NMT 15.0 

minutes determined 
on 6 tablets (without 
disc) 


| | Uniformity of Weight (mg) | 
Target: 1150.000 mg + 5.0% 
(1092.500-1207.500) mg 


| Friability (%) | 
(Target: NMT 

1.0% w/w on NLT 
6.50 g Tablets) 


Hardness 
(Kp) 


Batch No. Strength 


20G045A1 2106" 


F 
f | . 21.95 2'06" 2'09" 
SE 
rp).45 | lp, | 21.22 | 19.77 | 2'00" 2'07" 


R&D/0221 


20G045B1 2'09" 


20G045C1 


| Avg. T 
' 274" 
‘0 


20G045D1 


20G045E1 


20G045F 1 1131.22 | 1160.77 


Ref. LNB 


Page 85 of 165 


Application of Quality by Design (QbD) in Developing Bioequivalent Atorvastatin Tablets 


ABM Mahfuz ul Alam, Ph.D., Director, ACI HealthCare Limited, Bangladesh 
email: mahfuz301175@gmail.com 


Table 54: Dissolution Data for Generic Atorvastatin Calcium Tablets USP, 80 mg and 10 mg 
Tested under Formulation Optimization Studies (Extra-granular part) (Coated tablet) 


Dissolution 
Media pH 6.8 Phosphate Buffer 
Apparatus | Paddle (USP Apparatus II) 
Volume 900 mL 
Speed 75 RPM 
% Drug Release in 30 min 
80 mg 10 mg 
Batch No Av: Min Max. ue Batch No. | \ Min Max ae 
: g- "| RSD » Wena RSD 

20G045A1 89 87 90 1.2 20G%45A2 90 89 92 1.3 
20G045B1 86 85 88 1.4 20G0- 5B2 89 86 90 1.5 
20G045C1 87 85 89 1.4 99 206045C7 91 90 93 1.2 
20G045D1 88 86 89 Lt 20GC45D2 92 91 92 0.6 
20G045E1 89 86 90 RS LUGOS5:2 93 92 94 0.6 
20G045F1 89 87 96 1.5 20G045F2 93 91 95 1.3 
Ref. LNB »&D/0209, R&D/0215 


Table 55: Assay Result ef Generic 4 terv7 statin Calcium Tablets USP, 80 mg and 10 mg Tested 


under Formulation Optitsization Studies-(Extra-granular part) (Coated tablet) 


80 mg 10 mg 
% Assay % Assay 
Batca ‘lo. (Limit: NLT 94.5 % and Batch No. (Limit: NLT 94.5 % and 
NMT 105.0% of the labeled NMT 105.0% of the labeled 

amount of Atorvastatin) amount of Atorvastatin) 
2uG045A1 95.8 20G045A2 98.8 
20G045B1 98.0 20G045B2 98.8 
20G045C1 98.3 20G045C2 101.5 
20G045D1 97.6 20G045D2 101.4 
20G045E1 97.1 20G045E2 101.4 
20G045F 1 100.4 20G045F2 99.6 
Ref. LNB R&D/0203 
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Hence, concentration range considered in extra-granular formulation optimization study will be 
design space for respective ingredients in the formulation presented in Table 56. 


Table 56: Design Range of Formulation Variables (Extra-granular part) for Generic Atoyvastatin 
Calcium Tablets USP, 10 mg, 20 mg, 40 mg and 80 mg 


Formulation Variables “% w/w amount in Final Design Spice in “urmulation 
(Extra-granular) Formulation (Core Tablet) (% w/w to the core tablet) 
Croscarmellose Sodium 2.750% £2.4.00-2.900) % 
Magnesium Stearate 0.750% (0.350-1.150) % 


Based on formulation optimization study, it can be concludecthat sinalized composition presented 
in table 57 is suitable for process optimization summary <ad scale up. 


Table 57: Final composition studied in formulation opt mization study 


An \ount 
é (% w/w to 
S/N Ingredients Rig Tablet) the core 
80 mg 40 my 20 mg 10 mg tablet) 
Intra-granular ! 
1 Atorvastatin Calcium Trihydréte USP* | _ 86.4000 43.3000 21.6500 10.8250 7.241 
5. | peeepuaied Caletu Caeen 258.7500 | 129.3750 | 64.6875 | 32.3438 | 21.635 
(Sturcal L) 
j j eh logce 
q, |, Miocene Care 439.7750 | 219.8875 | 109.9437 | 54.9719 | 36.770 
(Vivapur 301) 
Lactose Monsiivdrate 
4 (Pharmatos. 200 Mt) 270.0000 | 135.0000 | 67.5000 33.750 22.575 
is. . | eodueaarer Giycolate Types 28.7500 | 14.3750 | 7.1875 | 3.5938 2.404 
(Prim ojely 
Binder, Sc (dion 
» Hydroxy Propyl Cellulose 
6 (Klucel EF Pharm) 25.8750 12.9375 6.4688 3.2344 2.163 
i Polysorbate 80 (Kolliphor PS 80) 2.8750 1.4375 0.7188 0.3594 0.240 
8 Purified Water@ Qs Qs Qs QS N/A 
Extra-granular 
Croscarmellose Sodium 
9 (Ac-Di-Sol® SD-711) 28.7500 14.3750 7.1875 3.5938 2.404 
10 Magnesium Stearate (Veg.) 8.6250 4.3125 2.1563 1.0781 0.721 
Total weight of core tablet (mg) 1150.000 | 575.000 287.500 | 143.750 N/A 
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ey : (% wiw to 
S/N Ingredients ue Ey the core 
80 mg 40 mg 20 mg 10 mg tablet) 
Film Coating 
Opadry II Complete Film Coating 7 
11 System (White: 85F18422) 40.2500 20.1250 10.0625 5.0313 3.365 
12 Hypromellose 2910, 6 mPa.s 2.8750 1.4375 0.7188 5:59.94 0.240 
Opadry® Complete Film Coating \ 
13 System ((Clear; YS-1R-7006) 2.8750 1.4375 0.7188 0.3594 0.240 
14 Purified Water@ Qs Qs Qs Qs N/A 
Total weight of coated tablet (mg) 1196.000 | 598.000 «299.000 | 149.499 100.000 


*Equivalent to 10 mg, 20 mg, 40 mg and 80 mg of Atorvastatin; @ Pan“ec water evaporate during drying process 
and not a part of final product. 


2.2.1.6 Updated Risk Assessment of the Formulation \/ariables 


During formulation development, the high risks ror eack,ce:nponent of the overall drug product 
formulation were addressed. Experimenta! stedi¢s wer? defined and executed to develop additional 
scientific knowledge and understandingand to reduce.ttiwrisk to an acceptable level. After detailed 
experimentation, the initial overall rik assessment of tne formulation components was updated in- 
line with the current product unde*standing..Tasle 58 and 59 provide the updated risk assessment 
of the formulation and the justication for ‘ne reduced risk following formulation development 
respectively. 
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Table 58: Updated Risk Assessment of Formulation Variables on Drug Product CQAs 


Formulation Variables 


Drug 
product Disintegrant 
CQAs e type & 


Cozating 
Binder type iu aterials 


& level oe type and 
level 


Content 
uniformity 


a | 
Degradation 
Products 


*The level of risk is reduced to Low from initial risk assessme, ¢ 


Table 59: Justification of the Reduced Risk of Ferriulation Axtributes on Drug Product CQAs 


API Drug Risk : Justification 
Attributes Products | Category | 
CQAs | 
The poor tev of the drug substance is mitigated by adopting top spray 
Assay granulxtion process with combination of three diluents 
“ficrecrystalline Cellulose (301), Lactose Monohydrate (200M) and 
Drug Content Fsecipitated Calcium Carbonate (Sturcal L)]. Acceptable assay and 
Substance uniformity centent uniformity obtained with the selected composition and 
PSD manufacturing process. The risk is reduced to Low. 
lye = S Acceptable dissolution (> 85% in 30 min) is obtained with the 
D,ssolution selected drug substance PSD (Doo not more than 50 pm) as well as top 
spray granulation technique. The risk is reduced to Low. 
Assay Calcium carbonate is compatible with atorvastatin calcium and 
Pontent maintain alkaline pH in the dosage form. During formulation 
Calciim uniformity optimization of intra-granular part, calcium carbonate percentage in 
ca‘bonate : ; formulation has been optimized. Acceptable assay, content 
amount Dissolution uniformity, dissolution and degradation products obtained with 
Degradation finalized composition and manufacturing process with optimized 
Products amount of calcium carbonate. The risk is reduced to Low. 
: The poor flow of the drug substance is mitigated by adopting top spray 
Diluent type ; : foes j 
& level Assay granulation process with combination of three diluents. 
[Microcrystalline Cellulose (301), Lactose Monohydrate (200M) and 
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API Drug Risk Justification 
Attributes Products | Category 
CQAs , 
Precipitated Calcium Carbonate (Sturcal L)]. Acceptablesassay and 
Content ; : : ; : 
; . content uniformity obtained with the selected composition and 
uniformity . ie 
manufacturing process. The risk is reduced to Low. 
Level of diluent can impact tablet dissolution via ‘ablet hardness. 
However, batches with selected diluent [Mi‘recry.talline Cellulose 
Dissolution (301), Lactose Monohydrate (200M) .and. vrecipitated Calcium 
Carbonate (Sturcal L)] and standard hardness range meet predefined 
dissolution criteria (> 85% in 30 mii >. ‘t1e risk is reduced to Low. 
Disintegrant type and Level have uxnaci on tablet disintegration and 
Dissolution dissolution. However, Opti »ized tevel of sodium starch glycolate 
Disintegrant type A at intra-granular eart\and croscarmellose sodium at extra 
type granular part provided .avseptable dissolution for all batches 
& level Degradation manufactured in formu'ation optimization studies. Effect of acidic 
Products nature of disintegrot on degradation product generation in dosage 
form masked bh3use of calcium carbonate. The risk is reduced to Low. 
; Level oY Syvuroxypropy! cellulose (Klucel EF)in final 
Binder type Dissolution formulion meet preavfined dissolution criteria (> 85% in 30 min). 
& level y 
They isis Low. 
Diasohuben Atorvastatin “Calcium is a BCS class II molecule and level of 
a porysorbate» 80.in final formulation meet predefined dissolution 
Dd Degradation criteria (= 85% in 30 min). Polysorbate 80 found compatible in dosage 
Products form nyzesence of calcium carbonate. The risk is reduced to Low. 
Lubricant Drug‘. oduct showed good stability at prototype stability study with 
type Dissolution @ tne ] Jaynesium stearate level selected in final formulation. The risk is 
& level seduced to Low. 
Type and level of coating materials have impact on tablet 
: : disintegration and dissolution. However, level of coating materials 
: ~issolution ; s ; : a ; 
Coating in final formulation meet predefined dissolution criteria (> 85% in 
Materials 30 min). The risk is reduced to Low. 
type ani! le 7el Desataion Stability data of . Prototype batch demonstrated good 
physicochemical stability with selected coating composition. The 
Products nas 
risk is reduced to Low. 
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2.2.2 Overages 


There are no overages used in the formulation of Generic Atorvastatin Calcium Tablets UGP)10 
mg, 20 mg, 40 mg and 80 mg. 


2.2.3 Manufacturing Process Development 


Wet granulation process was chosen as an appropriate manufacturing process and required 
equipment was selected for generic Atorvastatin Calcium Tablets USP. fice, process step in the 
manufacturing process is listed in the sequence of occurrence. It alsa tieisaes the input material 
attributes and process parameters that can potentially impact intermeaiate and finished product 
quality attributes. The material attributes of the input materials 2nd the process parameters used at 
the very first process step determine the quality attributes wrtie output material (intermediate) 
produced at this step. Material attributes of the intermediete toin this step and process parameters 
of the subsequent process step in the manufacturing preeess will determine quality attributes of 
the next intermediate and, eventually, those of the finis.ed drug product. This cycle repeats until 
the final process step where finished drug p»cuct is nianafactured and the product quality 
attributes are evaluated. This map was used tc guide the “si, assessments performed during process 
development. Note that this process 1.ap» excluces tae quantities of raw materials (i.e. 
diluent/binder, glidant/solubilizer, disin‘egiant, luericant and coating materials) from the material 
attributes column because these are.evaluatcd ay part of formulation development. Figure 7 
presents the process map for thefivalized form uation of Atorvastatin Calcium Tablets USP. 
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Moisture content 


Processing Input material’s Manufacturing Quality of output 
parameters attributes processing Steps material’s attributes 
a a fal Powder lee 
Screen type & size Sree alk & tapoed a Powder Flow abu.‘ty 
P PP y Powder bulk density 


Inlet air volume 


Bed tesgundistance 
Solia content of 
coating solution; Dew 
pcint; Pan speed; 
Final drying 


Solid content of coating agent 
Solvent type 


Inlet air RH (%) Top Spray Granulesw iformity 
Inlet air temperature | Granules uniformity Granulation Grasules/oulk density and 
Product bed Moisture content (FBP) “ow oroperty 
temperature Tienules LOD 
Shaking interval | 
. Granules uniformity oa 
Screen size 4 Granules flow ability & 
. Granules bulk density and flow : . : 
Machine speed property Size Reduction | bulk density 
Sieve size Granules OD ty Granule size distribution 
Order of Addition Extra granular excipients =a. Final Blend 
Blender Type/ type/grade; Surface area of lehding and Blend uniformity 
Geometry Magnesium Stearate b cbrication PSD 
No. of revolutions Granules flow ability & Zz Bulk density 
(time and speed) bulk density Flow ability; 
Capacity utilized Granule size distribution —. Compressibilit 
. . Compressed Tablets 
; Blend uniformity — 

Pre-compression force Blend PSD ; Assay 
Main compression : | Compression Content uniformity 

Bulk density i . : . 
force Disintegration/Dissolution 
Pr d Blow Weight Variation 

adc ability/Conipressibility/C jin-act & 
Feeder speed/Type abilit . Hardness 
y Friability 

Inlet air volume 
Inlet air temperature 
Inlet air RH (%) eee 
Product bed PP a 

Weight variation ; Appearance 
temperature Coating : 

cca Hardness Process efficiency 
Atomizing air, : “ nee 
aos Impurity Weight variation 

P Moisture content Hardness 

Film coating agent type Impurity 


Water content 


Torque speed 
Tablet counter 
Line speed 
Induction seal 


Container and closure type & 
size 


Packaging 


Chemical stability, 
Product Appearance 


Figure 7: Process Map for Generic Atorvastatin Calcium Tablets USP. 
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2.2.3.1 Initial Risk Assessment of the Drug Product Manufacturing Process 


A risk assessment of the overall drug product manufacturing process was performed to idenuty 
the high risk steps that may affect the CQAs of the final drug product. Subsequently, the CQAs of 
the output material from each process step that impact the final drug product CQAs wasiaentified. 
For each process step, a risk assessment was conducted to identify potentially hgh risk process 
variables which could impact the identified intermediate CQAs and, ultimat3!y, tre drug product 
CQAs. These variables are then investigated in order to have better ytincerstanding of the 
manufacturing process and to develop a control strategy to reduce the r7sitactor. This method of 
identifying process variables for further summary is illustrated in Figure 6 and is applied in each 
process step risk assessment. 


Step-1 Step-2 | Step-3 
Identify material 


For each process step, 


Identify drug identify intermediate saspuials deere pa 
Product CQAs CQAs that impactarug nee ee eeeee re 
proce ee | CQAs of the process step 


Figure 8: Schematic of the method useasto identify nrecess variables for further summary. 


The initial risk assessment of the overall manu _actu“ing process is shown in Table 60. Justification 
for each risk assessment is presented in Table. 
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Table 60: Initial Risk Assessment of the Manufacturing Process on Drug Product CQAs 


Drug 
product 


Degradation 


Products 


Top Spray 
Granulation 
and Size 


Manufacturing Process Steps 


Blending 
and 
Lubrication 


Compress 


| rackaging 


Reduction 


> 


Table 61: Justification of Initial Risk Assessment of Manufacturing Unit Operations on Drug 


Product CQAs. 
Process Drug Product 
Steps CQAs 

Assay 
Content 
uniformity 

Co-sifting | Dissolution 

& sifting 
Degradition 
Products 
Assay 

D:e-Mixing | Content 
uniformity 
Dissolution 
Degradation 
Products 

Top Spray ey 

Granulatio | Content 
uniformity 


Risk 
Category 


Justification 


Drug substenus_ceacentration is around 7.3% w/w in the drug 
psoduct anu e hibits very poor flow property. That’s why, co- 
siftirg and sifting step may impact on assay and content 
verformity. Therefore, the risk is Medium. 


Cu-sifting & Sifting stage are unlikely to affect dissolution. The 
risk is Low. 


As atorvastatin calcium is sensitive to acid and oxidative 
degradation, therefore degradation product may be generated in 
contact with the excipient having acidic surface and oxidative 
residue. That’s why, co-sifting and sifting step may impact on 
degradation product generation. Hence, the risk is Medium. 


Drug substance concentration is around 7.3% w/w in the drug 
product and exhibits very poor flow property. Pre mixing step 
may influence uniformity of drug distribution at granulation stage 
and ultimately on assay and content uniformity. However, top 
spray granulation. helps to fix the API particle within the 
granulation and thus prevents segregation during processing. 
Therefore, the risk is medium. 


Pre-mixing stage are unlikely to impact on dissolution and 
degradation product of the co sifted materials. The risk is Low. 


Drug substance concentration is around 7.3% w/w in the drug 
product and exhibits very poor flow property. Potential process 
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n and Size 
Reduction 


Dissolution 


Degradation 
Products 


parameters at top spray granulation and size reduction stage may 
impact the granules uniformity which may impact on assay, 
content uniformity and dissolution. The risk is High. 


Blending 
and 
Lubrication 


Assay 


Content 
uniformity 


Atorvastatin calctum is stable at wet granulation process and 
satisfactory physicochemical stability found for the. tmalized 
formulation. Therefore, the risk is Low. 


Dissolution 


Degradation 
Products 


The granule uniformity is controlled by earlier’st »ps. In this step 
granules blend with some extra granula’ excipients. Therefore, 
the risk is Medium. 

Though the granule uniformity is controlled by earlier steps, over 
lubrication can impact the con.ent (iniformity for the low API 
content (around 7.3% w/w) “2 product due breakdown of the 
top spray granules. Ther ‘ore, tue risk is High. 


Compressi 
on 


Assay 


Over-lubrication due’ at. excessive number of revolutions may 
impact disintegr@‘ior -enc dissolution of the tablets for BCS class 
II compound.,The 1 skis High. 

Lubrication i.7 unlikely to impact degradation products; 
Thereforesthe risk is Low. 


Content 
uniformity 


In extrome.cases teolet weight variability in compression stage 
car lead out of spec‘fication assay result. Hence, the risk is 
edium. 


Dissolution 


Compres1on..1ucess variables can cause tablet weight variability 
vw hick*Could cause tablets to fall out-of-specification for content 
unifcsmity. Due to low API content (around 7.3% w/w) in the 
dsus product, the risk is High. 


Degradation 
Products 


Compression process variables may impact disintegration and 
ilt'mately, dissolution of the tablets. The risk is High. 


Coat:ng 


Assay 


Compression force is unlikely to impact degradation products. 
The risk is Low. 


Content 
univormity 


Dissolution 


Coating is unlikely to impact assay and content uniformity. The 
risk is Low. 


Degradation 
Products 


High weight gain can increase the disintegration time of the 
tablets which can impact the dissolution. However, water soluble 
film coating agents intended to use for film coating. The risk is 
Medium. 


Packaging 


Assay 


Coating process variables impact the weight gain and coating 
uniformity at film coating stage which can affect the degradation 
product generation; therefore, the risk is High. 


Content 
uniformity 


Dissolution 


Degradation 
Products 


Packaging is unlikely to impact assay, content uniformity and 
dissolution. The risk is Low. 


Around 4.0% weight gain considered at film coating stage and 
prototype formulation stability at HDPE container and closure 
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system along with desiccator showed good stability. The risk is | 
Medium | 


Further risk assessment was performed subsequently on each process step to idestity which 
process variables may potentially impact the intermediate CQAs. Evaluation of all x ssible process 
variables that could potentially impact the quality attributes of the output materia: of any given 
process step is not feasible; therefore, few of the variables are set constene,based on current 
understanding. 


2.2.3.2 Top Spray Granulation (FBP) and Size Reduction Stage evs mization 


Based on knowledge of formulation development studies, i::tia' 1:sk assessment of the top spray 
granulation process variables has been provided in Tableo2 Inret air temp, Atomizing air pressure 
and dosing RPM are identified as most potentially criticatnrecess parameters for further evaluation 
to establish limits for these CPPs (and CMAs) within which the quality of drug product will be 
assured. Justification for each risk assessment is»pr ese ated in’ 1 yble 63. Additional parameters were 
set/considered at their optimum fixed consent level in ercer to reduce uncontrolled noise and 
variability. 


Table 62: Initial Risk Assessment of thie Fop Spray Granulation (FBP) Stage Variables on Output 
Materials CQAs 


Output material Top. Spray Granulation Process Variables Size Reduction Stage Variables 
CQA 
Inlet Air Peristaltic | Atomizing Air | Size reduction Mesh 
Terzperature Volume Pressure equipment size/Screen 
(Bar) Size 
Granules size 
distribution « 
Granules t vi«: 
density 


Giamnes LOD 


| . 
D:ssolution 


Degradation 
Products 
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Table 63: Justification of Initial Risk Assessment of Fluid Bed Drying and Size Reduction Stage 
Variables on Output materials CQAs 


Input Material | Drug Products Risk Justification 
Attributes CQAs Category 
Aqueous granulation process requires high inle« air temperature. 
. High inlet air temperature than optimun \ill spray dr 
Granules size = ae A . . , ib od r : » 
Sane granulating liquid solution before it can sfieztive form bridges 
distribution . . d ; ; 
between primary particles. If the inlev air esmperature is too low, 
it will generate lump formation, Ther fore, the risk is Medium. 
Granules bulk Higher or lower inlet air te: (erature has no impact on granules 
Inlet density growth. The risk is Lov: 
Temperature G les LOD Higher or lower inicta1, temperature has impact on granules 
° ranules 1 >. 
CC) LOD. The risk “s Pigh. 
. ; Inlet air tem,,ey s1e have no impact on tablet dissolution. The 
Dissolution ee 
risk is Low. 
: Unceatrolied dry ig can destabilize the drug product and water 
Degradation 7 3 ; abe ; 
cyntent present ‘n .he Atorvastatin calcium is necessary to 
Products , Oe ae ae . 
mointain in {rug product for stabilization. The risk is Medium. 
OUptimu n_2%4,t1ow needed to fluidize the bed without clogging 
the fitters +, ing granulation. Higher air flow will cause attrition 
Granules size ana \rapil evaporation, generating smaller granules and fines. 
distribution dewover, atomizing air pressure and size reduction stage has 
».ofound impact on final granules size. Therefore, the risk is 
Medium. 
Higher or lower air flow can impact on granules size 
Greowles bulk distribution which can impact the bulk density. However, 
Inlet Air density atomizing air pressure and size reduction stage has profound 
Volume (CFM) impact on granule bulk density. Therefore, the risk is Medium. 
Granules LOD is impacted by inlet air flow. Optimum air flow 
Granules LOD is needed to fluidize the bed without clogging the filters. The 
risk is Medium. 
Dissolution : : : : 
Fluidizing air volume (CFM) unlikely to impact dissolution and 
Degradation degradation products. The risk is Low. 
Products 
Granules size oo ; ; ; 
Peristaltic distabation Peristaltic Pump Speed (RPM) can impact the drying time 
Pump consequently granule size distribution and LOD. Therefore, the 
Speed (RPM) Granules LOD risk is Medium. 
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Input Material | Drug Products Risk Justification 
Attributes CQAs Category q 

Granules bulk Peristaltic Pump Speed (RPM) have impact on bigger and Ceuse 
density granules formation. The risk is High. 
Dissolution At optimized atomization, peristaltic pump sneed (RPM) is 
Degradation unlikely to impact dissolution and degradetio: rroducts. The 
Products risk is Low. 
Granules size 
distribution Granules size distribution and bul’; ceasity is impacted by lower 
Granules bulk or higher atomizing air pressure. The risk is High. 
density 

Atomizing Air 

Pressure (Bar) Granules LOD 
Wizealanian Atomizing air ressere is unlikely to impact granules LOD, 

dissolution <ic.desvadation products. The risk is Low. 

Degradation 
Products 


aera granules siz: distribution. Therefore, the risk is Medium. 
Granules bulk Granules bulx=censity is correlated to granules size which is 
Size reduction | density Amp2eted by,size reduction equipment. The risk is Medium. 
equipment Granules LOD 
Discolnticn ‘ize reduction equipment unlikely to impact granules LOD, 
cissolution and degradation products. The risk is Low. 
Degradat#on 
Products 
Gremztes size 
disvstpution Granules size distribution and bulk density is impacted by mesh 
Granules bulk size/screen size. The risk is Medium. 
Mesh density 
size/Screeh Granules LOD 
Size Mesh size/Screen size in milling process unlikely to impact 
Dissolution granules LOD, dissolution and degradation products. The risk 
Degradation is Low. 
Products 


Granules size 


The » reokpge of purti les due to intense shear applied between 
preticle and size. reduction equipment ultimately impact on 
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Table 64: Manufacturing Formula for Process Optimization Summary (Top Spray Granulation) 


Amount : 
(% w/v> to 
S/N Ingredients npealabley tho core 
80 mg 40 mg 20 mg 10 mg tobiet) 


Intra-granular 


1 Atorvastatin Calcium Trihydrate USP* | 86.6000 43.3000 21.6500 108250 7.241 


Precipitated Calcium Carbonate 


2 258.7500 | 129.3750 | 64.6875°0%32.3438 | 21.635 
(Sturcal L) y 

ge. jaime ystalline Cotulose 439.7750 | 219.8875 | {@e0837 | 54.9719 | 36.770 
(Vivapur 301) 
Lactose Monohydrate va\ = 

eee 270.0000 | 135.002.) <7.5000 | 33.7500 | 22.575 

g | Soc sercheGiyeolaty Types 28.7500 | 142/50 | 7.1875 | 3.5938 2.404 


(Primojel®) 


Binder Solution 


Hydroxy Propyl Cellulose 


t 0475 
6 (Klucel EF Pharm) 25.8 /5t 12.9475 6.4688 3.2344 2.163 
7 Polysorbate 80 (Kolliphor PS 80) 2.8750 1.4375 0.7188 0.3594 0.240 
8 Purified Water@ QS Qs Qs QS N/A 
Extra-granular 
Croscarmellose Sodium 
9 (Ac-Di-Sol® SD-711) 8.7500 14.3750 7.1875 3.5938 2.404 
10 Magnesium Steareve (veg.) 8.6250 4.3125 2.1563 1.0781 0.721 
Total weight o( core tablet (mg) 1150.000 | 575.000 287.500 | 143.750 N/A 
Film Coating 
Onaasy li Complete Film Coating 
11 | system (White; 85F18422) 40.2500 20.1250 10.0625 5.0313 3.365 
12 Hypromellose 2910, 6 mPa.s 2.8750 1.4375 0.7188 0.3594 0.240 
Opadry® Complete Film Coating 
43 
‘ System (Clear; YS-1R-7006) 2.8750 1.4375 0.7188 0.3594 0.240 
14 Purified Water@ Qs Qs Qs Qs N/A 
Total weight of coated tablet (mg) 1196.000 | 598.000 299.000 | 149.499 100.000 


*Equivalent to 10 mg, 20 mg, 40 mg and 80 mg of Atorvastatin; @ Purified water evaporate during drying process 
and not a part of final product. 
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Table 65: Process Characterization/Optimization plan of Top Spray Granulation in Fluid Bed 


Processor (FBP) 
Ranges for Summary 
Variables 1 0 1 
(low) (medium) high) 

Inlet Air Temperature (°C) 50 60 70 
Atomizing Air Pressure (AAP) 0.50 1.00 1.50 
Peristaltic Pump 
(RPM) 20 30 \ 40 


Table 66: Experimental Design for Optimization of Top Spreéy.Graaulation at Fluid Bed Processor 


(FBP) 

Desien OURx periment ee aene 
DOE Run No. Batch No. ae ale : ane ies a 

1 20G047 £0.00 1.50 40.00 
2 20G048 19.00 1.50 40.00 
3 20G049 55:00 0.50 40.00 
4 20G056 30.00 1.50 20.00 
5 20€05) 50.00 0.50 20.00 
6 20G052 70.00 1.50 20.00 
7 206083 60.00 1.00 30.00 
g 20G054 60.00 1.00 30.00 
9 20G055 70.00 0.50 20.00 

PD i 206056 70.00 0.50 40.00 
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Table 67: Physical Characterization of Different Batches of Top Spray Granulation Optimization 
at Fluid Bed Processor (FBP) (Common Granules) 


Granules Granules Granules 
LOD at Hausner ‘low 
Batch No. Strength 105°C (NMT Bulk Tapped Ratio | Ciaracter 
3.5%) Density Density 
. ( 


80 mg and 


Ref. LNB 


Table 68: Physical Characterization.ot Uitferent’ Batches of Top Spray Granulation Optimization 
at Fluid Bed Processor (FBP) (Coxe Tablet) 


Un.for mity of Weiz).t (mg) Hardie Friability (%) 
Car sev: 1159.0 90 ing + 5.0% (Kp) (Target: NMT 
(1092.500-20 7.500) mg P 1.0% w/w on 


Min [Mt Min ee 
a 


206049 7 ea 


Batch No. | Strength 


adi) 


20G047A 
20G048A 


| i 


Ref. LNB R&D/0221, R&D/0226 


g. 
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Table 69: Physical Characterization of Different Batches of Top Spray Granulation Optimization 
at Fluid Bed Processor (FBP) (Core Tablet) 


Uniformity of Weight (mg) Hardness Friabilivy (%) 
BaRnNGo| stencil: ee eee (Kp) (Target NET 
(136.563-150.938) mg 1.0% w/w on NLT 
6.50.2 Tablets) 
Min. Max. Avg. Min. Max. Avgegi \ 
20G047B 141.43 146.83 145.54 8.07 9.04 8.53 0.04% 
20G048B 141.24 146.29 | 143.43 725 9.25 R30 0.05% 
20G049B 142.56 147.77 | 144.66 7.45 8.65 7.98 0.15% 
20G050B 140.13 145.58 | 142.61 7.2 9.25 8.59 0.03% 
20G051B ioe 141.45 145.47 | 143.22 7.82 903 8.60 0.04% 
20G052B 138.72 144.94 | 143.00 7.88 ror 9 8.92 0.08% 
20G053B 141.90 148.15 | 144.18 6.8 8.29 7.52 0.12% 
20G054B 142.29 146.77 | 144.24 TOY 8.57 7.94 0.05% 
20G055B 142.94 145.85 | 144.68 7.71 8.65 8.16 0.06% 
20G056B 144.26 149.28 | 146.17 7.30 8.65 7.92 0.07% 
Ref. LNB K&D/022% . P&D/0226 


Table 70: Dissolution Data of Different Datvhes of Gener Atorvastatin Calcium Tablets USP, 80 
mg and 10 mg under Top Spray Grariuiation Ovemiz2.ion at Fluid Bed Processor (Core tablet) 


eas pH 6.8 Phosphate Buffer 

Apparatus | Paddle (USP Apzeratys II) 

Volume 900 mL 

Speed 75 RPM 

% Drug Release in 30 min 
80 mg 10 mg 

Batch No. Avg. Min. Max. % RSD Batch No. Avg. Min. Max. % RSD 
20G0474 87 86 88 0.9 20G047B 86 84 87 1.2 
20GS584 88 87 90 0.9 20G048B 86 85 87 1.1 
JOSNIA 90 89 92 1.3 20G049B 88 87 89 0.8 
20G050A 92 90 94 1.6 20G050B 88 85 90 2.0 
20G051A 90 88 91 1.4 20G051B 90 90 90 0.3 
20G052A 91 89 92 1.3 20G052B 87 86 88 1.0 
20G053A 87 86 88 1.2 20G053B 86 85 86 0.6 
20G054A 87 87 88 0.7 20G054B 85 84 88 1.8 
20G055A 91 90 93 0.8 20G055B 89 88 90 1.3 
20G056A 88 86 90 1.4 20G056B 85 83 87 1.4 
Ref. LNB R&D/0213, R&D/0215 
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Table 71: Assay Result for Different Batches of Generic Atorvastatin Calcium Tablets USP, 80 


mg and 10 mg Tested under Top Spray Granulation Optimization at Fluid Bed Processor,(Coxe 
tablet) 


80 mg 10 mg 
% Assay % Ass%.’ 
Limit: NLT 94.5% and NMT Limit: NLT 94.5% and NMT 
Bee: ee ihiie Pets amamieae | 7 ee of thé labled amount of 
Atorvastatin) »\to.vastatin) 
20G047A 100.2 20G047B N.* 101.0 
20G048A 100.2 20G048B \ 100.7 
20G049A 97.0 20G049B 99.0 
20G050A 99.6 20G050B \ 100.7 
20G051A 99.4 20G051B 102.5 
20G052A 98.6 20GO0525 97.2 
20G053A 99.9 20GUS3B 96.9 
20G054A 100.3 2.G054B 97.8 
20G055A 99.5 20G058b 100.2 
20G056A 100.8 20G056B 99.8 
Ref. LNB P.&D/0203,R&D/0211, R&D/0212 


Table 72: Impurity Result for Differest Batches of Generic Atorvastatin Calcium Tablets USP, 80 
mg Tested under Top Spray Graen'ation Opismuization at Fluid Bed Processor (Core tablet) 


Impurity Name 


20G047 
A 


204048 


A A 


20G(C49 


20G051 
A 


20G052 
A 


20G053 
A 


20G050 
A 


20G054 
A 


20G055 
A 


20G056 
A 


Atorvastatin 
pyrrolidone analog 
(NMT 0.5 %) 


u.U5 


0.06 


0.05 0.05 


0.05 0.05 


Atorvastatin re!aied 
compound kkeyvNMT 
1.0 %) 


0.04 


0.04 0.04 0.05 0.04 


0.04 


0.04 


Atorw stavin 

epoxy) yycrolooxazin 
6-byuroxy analog 
UNMT 0.5 %) 


ND 


ND ND 


ND ND ND 0.02 


0.02 ND 


ND 


Atorvastatin 
epoxypyrrolooxazin 
7-hydroxy analog 
(NMT 0.5 %) 


ND 


ND ND 


ND ND ND ND 


ND ND 


ND 


Atorvastatin epoxy 
THF analog & 


0.03 


0.02 0.02 0.02 0.03 


0.02 


0.02 
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Impurity Name _ | 206047 | 20G048 | 206049 | 20G050 | 20G051 | 20G0s2 | 20G053 | 20G054 | 206085 | 206056 
A A A A A A A A A 7. 

Atorvastatin related 

Compound D (NMT 

1.5%) 

Any other 

unspecified 

degradation product | 0.04 | 0.04 | 0.04 | 0.04 | 0.05 | 0.04 | 0.04 | 0.04% p04 | 0.04 

(NMT 0.2 %) 

Paelnpunities 0.20 | 0.21 | 0.21 | 018 | 0.22 | 0.21 | @2i4)6.21 | 020 | 0.18 

on ; 

Ref. LNB R&D/0211, R&D/0212 


Table 73: Impurity Result for Different Batches of Generic Ate-vastatin Calcium Tablets USP, 
10 mg Tested under Top Spray Granulation Optimizationt Fluid Bed Processor (Core tablet) 


Impurity Name 


20G047 
B 


20G048 
B 


20G049 
B 


20G050 |.29GO0S1 | 20G052 | 20G053 
BY \ JB » B 


20G054 
B 


20G055 
B 


20G056 
B 


Atorvastatin 
pyrrolidone analog 
(NMT 0.5 %) 


0.06 


0.95, 0.07 0.05 0.05 


0.05 


Atorvastatin related 
compound H (NMT 
1.0 %) 


0.05 


1.04 


0.05 0.05 0.05 


0.04 


0.05 


0.05 


Atorvastatin 
epoxypyrrolooxazin 
6-hydroxy analog 
(NMT 0.5 %) 
Atorvastatin 
epoxypyrrolooxazin 
7-hydroxy analog 
(NMT 0.5 % 


ND 


ND 


ND 


NI) 


ND 


ND ND ND 0.02 


ND ND ND ND 


ND 


ND 


0.03 


ND 


ND 


ND 


Atorvast.‘in esoxy 
THF anang & 
Atorvoscatin related 
Co;spound D (NMT 
wd %) 


0.03 


0.03 


0.04 0.03 0.03 0.03 


0.03 


0.03 


0.03 


Any other 
unspecified 
degradation product 
(NMT 0.2 %) 


0.04 


0.04 


0.04 


0.04 0.04 0.03 0.04 


0.04 


0.04 


0.04 


Total impurities 
(NMT 4.0 %) 


0.21 


0.22 


0.22 


0.22 0.21 0.20 0.21 


0.21 


0.22 


0.20 


Ref. LNB 


R&D/0211, R&D/0212 
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Inference (Optimization of Top Spray Granulation at Fluid Bed Processor): 


= LOD (at 105°C auto mode) of all the ten (10) batches were found (1.07 — 1.75) %. Physica! 
parameter tested for all these batches were found within acceptable limit 1.e., uniformi‘y of 
weight, appropriate hardness and friability lower than 0.2%. 


= All impurities were found within the acceptance level. That means inlet a r/temperature 
range studied (50-70) °C were suitable for drying operations of the /:torvastatin Calctum 
Tablets. As inlet air temperature is equipment independent paran eter, hence, it will be 
maintained at same range throughout the scale up. On the other iand, air flow volume 
which is equipment dependent parameter need to be scale ‘i190 achieve the target output 
material attributes i.e. LOD of the granules, PSD and bu: density of the blend samples. 


« Dissolution (average) of the core tablets at OGE method showed that more than 85% of 
the drug was released for all the batches of 80 arg.ard 10 mg within 30 minutes. 


= Assay content of the core tablets of all the ‘batches were within (97.0- 100.8) % for 80 mg 
and (97.2- 102.5) % for 10 mg. 


Table 74 describes the risk reduction for the.fluid bed processor step as a result of the development 
studies and justification is given below: Tab'e 75 


Table 74: Updated Risk Assessivent of the Yop Spray Granulation and Size Reduction Stage 
Variables on Output Materials. CQAs 


Output material ‘Top Spray Granuiation Process Variables Size Reduction Stage Variables 


CQA a 
: r Inlet Inlet Air Peristaltic | Atomizing Air | Size reduction Mesh 
Temperature Volume Pressure equipment size/Screen 
(Bar) Size 
Granule! size 
distr uvion 
Granules bulk 


*The level of risk is reduced from the initial risk assessment. 
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Table 75: Justification for the Reduced Risk of Top Spray Granulation and Size Reduction Stage 
Variables on Output Materials CQAs 


Input Material | Drug Products Risk Justification 
Attributes CQAs Category 
Granules size Granules size distribution is less impacted at og imized inlet air 
distribution temperature (50-70) °C. The risk is reduceato ow. 
ae Inlet temperature is optimized during product development and 
nierneaesniee Granules LOD range is controlled in BMR to achieve LOD within range. The 
(° a. risk is reduced to Low. . 
. Inlet temperature is optim.-e4_ during development and has no 
Degradation ; - : 
Beene impact on the degra ‘ation ‘product at the range studied. 
Therefore, the risk« “recuved to Low. 
Granules size A 
Inlet Air distribution Inlet air vouipe1s equipment dependent process parameters 
n : ; ; en 
Vv ; (CEM) Granules bulk and need to 2 verified in commercial process validation. The 
vere density risk is 10t ‘ower freza the initial risk assessment. 
Granules LOD 
Granules size Grenules size disti*bution and bulk density is lees impacted by 
distribution veristalt'>pemn speed. However, peristaltic pump speed need 
to ven=ed at commercial scale following proposed batch 
Peristaltic Granules bulk record. “ence, risk is not reduced for granule size distribution 
Pump density ond visk is reduced from high to medium for granule bulk 
Speed (RPM) censity. 


Granule; LOV 


Granles size 


Granules LOD is less impacted by peristaltic pump speed as 
inlet air temperature (50-70) °C is optimized during 
development. The risk is reduced to Low. 


Atomizing Air Pressure is optimized during development and 


Atomizing Air distribution . ee . 
P rs : P aanieebalk has no impact on the granules size distribution and bulk density 
ressure (Bar) ranules bu ; yc 
; at the range studied. Therefore, the risk is Low. 
density 
Granules size ; ; ; a, . 
Sige ection distribution Size reduction Papen and procedure (sifting-milling 
. process) optimized during development and same will be used 
cauipment Granules bulk ; : f . 
. during commercial operation. The risk reduced to Low. 
density 
Granules size 
Mesh distribution Mesh size/screen size for size reduction operation optimized 
size/Screen during development and same will be used during commercial 
. Granules bulk . . 
Size : operation. The risk reduced to Low. 
density 
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2.2.3.3 Blending and Lubrication Process Optimization 


The initial risk assessment of the overall manufacturing process presented in Table 60 and Vaute 
61 identified the risk of the final blending and lubrication step to impact tablet dissolutioinas high. 
Number of revolutions identified as most potentially critical process parameters ‘for’ further 
evaluation to establish limits for these CPPs (and CMAs) within which the quality/of drug product 
will be assured. The blending and lubrication process variables that could pot2n‘taity impact tablet 
dissolution were identified and their associated risk was evaluated. Tabiey7% presents the initial 
risk assessment of the final blending and lubrication step and Justification ts given below Table 
Te 


Table 76: Initial Risk Assessment of the Extra-granular Blending and Lubrication Process 
Variables 


Drug Products Extra-granular Blending avd wubrication Process Variables 
CQAs 
o Granules |Glidant and| Blender Fill Number-.f| Order of |Discharge| Holding 
PSD Lubricant Lever Revolu‘icus| Addition | Method Time 
Blend 
Uniformity (BU) 
Blend Assay 


Table 77: Justification fer the Initia’ Ris Assessment of the Extra-granular Blending and 
Lubrication Process 


Variables Risk 


rug Products 
CQAs 


Blend uniformity 
Granule YSU 


Blend assay 


Fidsntand Blend uniformity 


Blend assay 


Category 


Lubricant ; 
Blend assay is Low. 
The mixer fill level depends on equipment capacity, blend 
Blender fill Blend uniformity bulk density and batch size. Blender fill level may affect 
‘eval mixing dynamics. However, occupancy used during 


Justification 


Granule PSD has impact on BU and assay. However, 
granules PSD controlled at earlier steps. The risk is 
Medium. 


Lubricating agent and glidant used in small amount. So 
lubricating agent is unlikely impact the BU/assay. The risk 


blending is within equipment manufacturer recommended 
range. The risk is Low. 
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Variables Drug Products 
CQAs 
Number of Blend uniformity 
revolutions Hiendasay 
Order of Blend uniformity 
addition Blend aaay 
Discharge Blend uniformity 
eeued Blend assay 
Blend uniformity 
Holding time 
Blend assay 


Risk 


Category 


Justification 


Number of revolutions has directly impact on BU and aay. 
However, due to low API content (around 7.3%) in the 
formulation the risk is High. 


Order of addition are unlikely to impact the 13, flow ability 
and assay. The risk is Low. 


Discharge method has no imp >to. BU and assay in product 
with high API content. The s1s* is Low. 


Holding time haseo 1mpact on BU and assay in product with 
high API comer t. he risk is Low. 
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Based on current understanding No. of revolution are considered as potential critical process 


parameter. Bin blender was selected for blending stage optimization summary based on availability 
of blender. 


Table 78: Manufacturing Formula for Process Optimization summary (Blending and Lebvication) 


Amount (% w/w to 
S/N Ingredients (mg/ Tablet) the core 
80 mg 40 mg 20 mg 10 mg tablet) 
Intra-granular 
1 Atorvastatin Calcium Trihydrate USP* | 86.6000 43.3000 2166500 10.8250 7.241 
ig ee eee ane Geen 258.7500 | 129.378e/\ 64.6875 | 32.3438 | 21.635 
(Sturcal L) 
qj: || Seroeryataine Celluleee 439.7750 |.219%875 | 109.9437 | 54.9719 | 36.770 
(Vivapur 301) < 
Lactose Monohydrate 4 
4 (Pharmatose 200M) 270.0000_ | 135.0000 | 67.5000 33.750 22.575 
g . eedinn serch Oiycolste Type e 28.7500" | 143759 | 7.1875 | 3.5938 2.404 
(Primojel™) i 
Binder Solution 
Hydroxy Propyl Cellulose 4 
6 (Klucel EF Pharm) 25.8750 12.9375 6.4688 3.2344 2.163 
7 Polysorbate 80 (Kolliphor PS 80) 2.0750 1.4375 0.7188 0.3594 0.240 
8 Purified Water@ Qs Qs Qs QS N/A 
Extra-granular 
gi reseaenie Ose ey 28.7500 | 14.3750 | 7.1875 | 3.5938 2.404 
(Ac-Di-Sol® SD-711) ; : : : ; 
10 Magnesium Stearate (Veg.) 8.6250 4.3125 2.1563 1.0781 0.721 
Total veisiof core tablet (mg) 1150.000 | 575.000 287.500 | 143.750 N/A 
Film Coa irg 
Oradry Il Complete Film Coating 
11 System (White; 85F18422) 40.2500 20.1250 10.0625 5.0313 3.365 
42. | Hypromellose 2910, 6 mPa.s 2.8750 1.4375 0.7188 0.3594 0.240 
Opadry® Complete Film Coating 
13 System ((Clear; YS-IR-7006) 2.8750 1.4375 0.7188 0.3594 0.240 
14 Purified Water@ Qs Qs Qs Qs N/A 
Total weight of coated tablet (mg) 1196.000 | 598.000 299.000 | 149.499 100.000 


*Equivalent to 10 mg, 20 mg, 40 mg and 80 mg of Atorvastatin; @ Purified water evaporate during drying process 
and not a part of final product. 
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Table 79: Process Characterization/Optimization Plan for Blending and Lubrication 


Pre-Lubrication Optimization Lubrication Optimization 
Range for Range fox 
timizati timizati 
Variables ee Variables pe i 
-1 1 -1 1 
(Low) (High) (Lov) (High) 

Blending Time (minutes) 6 10 Lubrication Time (minutes) 3 5 
Number of Revolution 60 100 Number of Revolution 30 50 
Sample Point 1% sample | 2™ sample | Sample Point 1% sample | 2" sample 


Table 80: Response/Dependent Variables of Blending ana 1 brication Optimization Stage 


Batch No. 200044 (Common blend) 
Blender Size 40 L 
Blender Speed 24 RPM 
Stage Preé.uerivation T me Lubrication Time 
Blending time 6 minutes lu"minutes 3 minutes 5 minutes 

Number of Revolution 60 100 30 50 

Serb rne pecan Cai) aay eni 
1 944 94.8 97.9 97.0 
2 290.7 98.8 103.7 99.6 
3 98.9 98.2 101.5 102.4 

4 98.3 104.5 100.4 98.8 
5 99.6 100.9 99.9 101.1 
6 96.3 96.2 98.2 98.7 

7 98.3 99.0 98.0 99.5 

Avg. 98.0 98.9 99.9 99.6 

% RSD 2.2 3.2 2.1 1.8 
> Min. 94.1 94.8 97.9 97.0 
Max. 100.7 104.5 103.7 102.4 

% Assay Content % Assay Content 
105.0 103.8 103.0 103.0 
Ref. LNB R&D/0203, R&D/0211 
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Table 81 describes the risk reduction for the blending and lubrication step as a result of the 
development studies and justification given in below Table 82. 


Table 81: Updated Risk Assessment of the Extra-granular Blending and Lubrication Process 
Variables 


Output material Blending Process Variables \’ 
CQAs 


Granules | Glidant and | Blender Fill} Number of | Order of | Diecharge | Holding 


PSD Lubricant Level _| Revolutions} Add*ticn, |. Method Time 


Blend 
Uniformity 


Blend assay 


@O. 


*The level of risk is reduced to Low from the initial risk assess nent. 


Table 82: Justification for the Reduced Risk of the Exteavgranular Blending and Lubrication 
Process 


Variables Drug Products Justification 
CQAs Category 

Blend Gesules'?SD obtained using adopted top spray granulation and 

uniformity dry ng process for Atorvastatin Calcium Tablets USP are suitable 
Granule PSD . . . . 

to ineet the consistent blend uniformity and blend assay. The risk 
Blend Assaz: q 
7 1s reduced to Low. 

Blend 
Number of uniforinicy Number of revolutions is optimized and controlled in BMR. The 
revolutions risk reduced to Low. 

Llend Assay 


Inferenve (Slending and Lubrication): 


W _thia studied range of number of revolutions, blend uniformity in both pre-lubrication (blending) 
end lubrication stages met predefined acceptance criteria. Based on summary outcomes, 60-100 
revolution in pre-lubrication (blending) and 30-50 revolution in lubrication stage will be 
considered as design space for commercial scale up and post approval changes. 
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2.2.3.4 Compression Process Optimization 


Initial risk assessment of the compression process variables based on the initial risk assessmervet 
the overall manufacturing process. Process variables that could potentially impact ‘ohysical 
attributes are identified and their associated risks were evaluated. Turret speed and feedsr speed 
are identified as most potentially critical process parameters for further evaluaticn to establish 
limits for these CPPs (and CMAs) within which the quality of drug product wil) beassured. Initial 
risk assessment of the compression process variables is summarized in Tabie.83 and justification 
is given below Table 84. 


Table 83: Initial Risk Assessment of the Compression Process Variadles 


Output Compression Pr«ce‘s Viriables 
material 


CQA 


Input Material Attributes Ce mpression Machine Variables 


Blend Feede.: Pre-.u upression Main Press 
Uniformity Type and Cneed | force, thickness | compression 
force/thickness 


Content 
uniformity 


Dissolution 


Tablet 
Appearance 


Hardness 


Table 84: Justification of Initial Risk Assessment of the Compression Process Variables 


Variabies Drug Risk Justification 
Product Category 
CQAs 
Content uniformity and tablet assay largely depends on the uniformity 
Assay of blend. The low concentration of API (around 7.3% w/w) and poor 
flow ability may impact on assay and content uniformity. Granules 
Blend Contam. uniformity which affects assay and content uniformity is controlled by 
Uniformity | uniformity earlier steps. Therefore, the risk is High. 
ee Dissolution 
Blend uniformity has no impact on tablet dissolution, tablet 
Tablet appearance and tablet hardness. The risk is Low. 
Appearance 
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Variables 


Drug Risk 
Product Category 
CQAs 


Hardness 


Blend assay 


Feeder Type 
and Speed 


Pre: 
coniression 
force/thickne 
Ss 


Assay 


Content 
uniformity 


Dissolution 


Tablet 
Appearance 


Hardness 


Assay 


Content 
uniformity 


Dissolution 


Tablet 
Appearance @ 


Hardness ly 


Assay 


content 
uniformity 


Dissolution 


Tablet 
Appearance 


Hardness 


Justification 


Blend assay has direct impact on tablet assay and Content viformity. 
The low concentration of API (around 7.3% w/w) and poor flow 
ability may impact on assay and content unif@rmity)The risk is High. 


Blend assay is unlikely to impact a:ssolut.on, tablet appearance and 
hardness. The risk is Low. 


Feeder type (Gravity 7s Fores F eeder) and feeder speed is likely to 
impact tablet weight ~arie.ion during compression stage which can 
impact the unifort.utj*st the dosage unit for low API containing drug 
product. Moreover, granules produce by top spray granulation is 
porous and fria»le in ~avire where there is a chance for weight 
variation during covapiession stage following breakdown of the 
granules due to uncontrolled feeder speed. The risk is High. 


Faecaer type anc! speed can impact tablet dissolution (i.e. due to over 
mbrivation wan impeller speed of feeder). The risk is Medium 
considei ing the BCS class II molecule. 


Feecystvpevand speed has no impact on tablet appearance. The risk 
isov. 


increzse in force feeder speed can reduce tablet tensile strength and 
taviet ability. The risk is Medium. 

Pre-compression force is unlikely to impact Tablet assay. The risk is 
Low. 


Content uniformity is dominated by BU and flowability and is 
unrelated to pre-compression force. The risk is Low. 


A greater than optimal pre-compression force may cause lamination. 
A lower than optimal pre- compression force may trap air in the 
tablets, leading to capping. Either scenario could impact 
disintegration and dissolution. Adjustment may be needed. The risk 
is Medium. 


Pre-compression force has no impact on Tablet appearance. The risk 
is Low. 


Pre-compression force mainly required for removing the entrapped 
air during compression. The hardness of the compressed tablet 
prominently governed by main compression force. The risk is 
Medium. 
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Variables 


Drug Risk 
Product Category 
CQAs 


Main 
compression 
force/thickne 
SS 


Assay 


Content 
uniformity 


Dissolution 


Tablet 
Appearance 


Hardness 


Press Speed 
(RPM) 


Assay 


Content 
uniformity ®@ 


Dissolution 


Tablet 


“Appearance 


Hardness 


Justification 


Main compression force has no impact on tablet assay. The rick is 
Low. 


Content uniformity is dominated by BU and flowabinty and is 
unrelated to main compression force. The risk is Uov’. 


Compression force may affect tablet hardrcss\end friability and, 
ultimately on dissolution. The risk is Mec‘ un: 


At high compression force material,wi bow melting point forms an 
inclusion complex due to heat genevatea during compression which 
can reduce dissolution to large extei.. Even physical appearance of 
tablets can indicate its nature change. The risk is Medium. 


A little change in comrzess'on force can significantly affect the tablet 
hardness and disinteyrsuo 1 time. Tablets producing with very low 
and high compress en forces can be very soft or hard for the 
intended purposcd. The compression force should, therefore, 
carefully be (>on rolled te~produce tablets within specifications. Both 
tablet, hardness andaaiiutegration time remains lower at lower 
applied ‘compression ferces and increases with increasing applied 
forces. rherefore, the ; isk is High. 


wA fister that.cpuimal press speed may cause inconsistent die filling 
ana weizht variability which may then impact Assay and Content 
unifermityt or efficiency, the press speed will be set as fast as 
practically possible without adversely impacting tablet quality. The 
ask 19 digh. 


‘tess can impact tablet dissolution via tablet hardness. However, 
tavlet hardness mainly controlled by compression force. The risk 
is Medium. 


The effects of speed of compression has fundamental importance in 
the compaction of powdered materials ultimately on tablet 
appearance and hardness. However, tablet hardness mainly 
controlled by compression force. The risk is considered Medium. 
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Based on current understanding turret speed and feeder speed are considered as potential critica? 
process parameter which will may impact on drug product CQAs (i.e. dissolution). To evaluate 
impact of feeding system (Gravity feeder vs. Force feeder) on drug product CQAs or interme ate, 
one DOE run with gravity feeder was also considered. Three tier approach was.teken to 
characterization and/ or optimization of compression process variables. 


e Optimization of compression machine variables 


e Optimization summary for hardness range establishment 


Table 85: Manufacturing Formula for Process Optimization. ‘summary (Compression 
Optimization) 


Amount 
: (% w/w to 
S/N Ingredients y/ Tablet) the core 
80 mg +0 mg 20 mg 10 mg tablet) 
Intra-granular 
1 Atorvastatin Calcium Trihydrate USP* | 86,6000 13.3000 21.6500 10.8250 7.241 
gq decid Calcium carbonate 258.7500" |.9293750 | 64.6875 | 32.3438 | 21.635 
(Sturcal L) 
> : | 
a recy aline Celuless 436.7750 | 219.8875 | 109.9437 | 54.9719 | 36.770 
(Vivapur 301) ~ » 
Lactose Monohydrate 1. 
4 (Pharmatose 200M) ~ 135.0000 | 67.5000 33.750 22.575 
& | Sodium serch Chay ee 28.7500 | 14.3750 | 7.1875 | 3.5938 2.404 
(Primojel®) 
Binder Solution 
Hydroxy, Propy! Cellulose 
6 (Kuga Sg,Pharm) 25.8750 12.9375 6.4688 3.2344 2.163 
7 Petyscrbate 80 (Kolliphor PS 80) 2.8750 1.4375 0.7188 0.3594 0.240 
8 Ferified Water@ Qs Qs Qs Qs N/A 
Extr:.-granular 
Croscarmellose Sodium 
9 (Ac-Di-Sol® SD-711) 28.7500 14.3750 7.1875 3.5938 2.404 
10 | Magnesium Stearate (Veg.) 8.6250 4.3125 2.1563 1.0781 0.721 
Total weight of core tablet (mg) 1150.000 | 575.000 287.500 | 143.750 N/A 
Film Coating 
Opadry II Complete Film Coating 
11 System (White: 85F18422) 40.2500 20.1250 10.0625 5.0313 3.365 
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ta : (% wiw to 
S/N Ingredients a eaTAbley) the core 
80 mg 40 mg 20 mg 10 mg tablet) 
12 | Hypromellose 2910, 6 mPa.s 2.8750 1.4375 0.7188 0.3594 612.40 
Opadry® Complete Film Coating 
4 
13 System (Clear; YS-1R-7006) 2.8750 1.4375 0.7188 0.359 0.240 
14 Purified Water@ Qs Qs Qs RS N/A 
Total weight of coated tablet (mg) 1196.000 | 598.000 299.000. 149.499 100.000 
*Equivalent to 10 mg, 20 mg, 40 mg and 80 mg of Atorvastatin; J 
@ Purified water evaporate during drying process and not a part of final produc. 
Table 86: Process Characterization/Optimization Plan of Co.‘tpression Variables 
R..ge for Optimization 
Compression Variables 1 0 1 
(Low* (medium) (high) 
Turret Speed (RPM) aq 20 25 
Feeder Speed (%) 100 150 200 


Table 87: Design of Experiment run for Optimization of Compression Variables 


~—y—_?__\1 
| Independent Variables 


(Intra-granular ingredient variation) 


Turret Speed Feeder Speed 
(RPM) (%) 


Design of Experin. ent 
——_—_ 
Batch No. 


3 
: 
: 


Gravity Feeder 
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4 


Table 88: Physical Characterization of Different Batches at Compression Optimization Stage (Coxe urblet) 


: : é |. Disintegration Time «Lert 0 
| | | Uniformity of Weight (mg) | | Friability (%) | 
Target: 1150.000 mg + 5.0% ae | ee ere (Target: NMT 
Batch No. Strength Es 
: (ine Ste) Sob mg 6 tablets (without disc) 


1.0% w/w on 


NLT 6.50 g 
Avg. Ma Tablets) 


20G044D1 1143.08 1158.82 1150.71 49.22 | 20.35 1'23" 1'34" 


20G044E1 1144.14 1163.42 1152.&6 


1142.81 1163.00 1154.20 | 8.9 


| 
1140.23 1163.56 | 1551.96 19.04 22.19 
= 


1'50" 2" 


R&D/0221, R&D/0226 


Ref. LNB 
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a 


Table 89: Physical Characterization of Different Batches at Compression Optimization Stage (Core ‘aiet) 


Dicintegration Time 
Uniformity of Weight (mg) ‘yarget: NMT 15.0 


| ee 
Target: 143.750 mg + 5.0% EEUU minutes determined Bnabily (2) 


(Kp) : (Target: NMT 1.0% 
(136.563-150.938) mg on 6 eee vee wiw on NLT 6.50 g 


Tablets) 


Batch No. Strength 


Max. 
care 
20G044C2 


Min. 


20G044D2 10 mg 144.87 

20G044E2 144; ip 

20G044F2 ‘ 4.62 
Sia 


Ref. LNB R&D/0221, R&D/0226 
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Table 90: Dissolution Data for Different Batches of Generic Atorvastatin Calcium Tablets USP. 
80 mg and 10 mg Tested under Compression Optimization Stage (Core tablet) 


nas pH 6.8 Phosphate Buffer 
Apparatus | Paddle (USP Apparatus IT) 
Volume | 900 mL [ 
Speed 75 RPM 
% Drug Release in 30 min 
80 mg 10 he 

Batch No. Avg. Min. Max. ce Batch No. Avg. Min. Max. be 

RSD RSD 
20G044A1 89 89 90 0.5 20G0444.2 90 88 93 2.0 
20G044B1 92 91 93 0.7 20G™M4B2 91 88 92 1.3 
20G044C1 93 92 94 1.0 20G0«.4C2 92 90 93 1.3 
20G044D1 92 91 93 0.7 2003044D2 92 90 93 1.6 
20G044E1 92 91 94 Lo 20G0 ED | 90 89 92 1.3 
20G044F 1 93 92 93 08 WGvA4F 2 92 90 92 0.8 
20G044G1 94 93 95 N e 9.9 200444G2 91 90 95 2.2 
Ref. LNB R&?/02.% 2X &D/0213, R&D/0215 


Table 91: Assay Result of Ditrerent Batches of Atorvastatin Calcium Tablets USP, 80 mg Tested 
under Compression Opt:m:zation Stage (Core tablet) 


Strensth: 80 mg Strength: 10 mg 
(Limit: sees and S 3, ge h Citeat mee 
Batya NMT 105.0% of the labeled aie fa pean 
amount of Atorvastatin) Atorvastatin) 

29G044A1 101.6 20G044A2 100.0 
20G044B1 102.7 20G044B2 100.6 

: 20G044C1 102.7 20G044C2 99.0 
20G044D1 101.7 20G044D2 100.2 
20G044E1 101.1 20G044E2 99.3 
20G044F 1 101.9 20G044F2 99.4 
20G044G1 101.1 20G044G2 96.9 
Ref. LNB R&D/0203, R&D/0211, R&D/0212 
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Table 92: Content Uniformity Result of Different Batches of Atorvastatin Calctum Tablets USP, 
80 mg Tested under Compression Optimization Stage (Core tablet) 


% Atorvastatin content 
Batch No. | 20G044A1 | 20G044B1 | 20G044C1 | 20G044D1 | 20G044E1 | 20G044F1 | 296044G1 
Sample 1 98.1 99.2 99.1 100.5 97.4 97.7 97.0 
Sample 2 100.2 100.4 98.3 99.1 97.3 59.4 97.2 
Sample 3 97.2 97.7 100.4 98.6 97.3 ‘ \.98.5 96.9 
Sample 4 97.3 97.0 98.9 99.1 97.1 97.1 98.2 
Sample 5 95.7 98.8 98.3 98.0 96.4 94.7 97.7 
Sample 6 97.3 98.0 99.2 98.0 ~\ 93.4 96.7 97.0 
Sample 7 97.8 99.4 98.5 96.7 (97.8 98.5 95.7 
Sample 8 99.0 100.3 98.5 Oe) 97.5 97.7 98.5 
Sample 9 98.2 98.2 101.1 98.5 96.1 96.1 97.0 
Sample 10 98.7 99.4 9915 : 97.7 95.7 96.9 96.4 
Average 98.0 98.8 59.2 8.4 96.8 96.8 97.2 
Minimum 95.7 97.0 z o3 45.7 95.4 94.7 95.7 
Maximum 100.2 100.4 \ “401.1 a) 100.5 97.8 98.5 98.5 
% RSD 1.2 rl 0.9 1.0 0.9 1.1 0.8 
ere 3.5 ON > 2.5 3.7 4.1 3.3 
Ref. LNB ~e R&D0203, R&D/0211, R&D/0212, R&D/0213 


Table 93: Content Uniformity Result of Different Batches of Atorvastatin Calcium Tablets USP, 
10 mg Testec.urider Compression Optimization Stage (Core tablet) 


% Atorvastatin content 

Bate: No. | 20G044A2 20G044B2 | 20G044C2 | 20G044D2 | 20G044E2 | 20G044F2 | 20G044G2 
Naimple 1 99.0 98.3 99.1 97.8 96.0 96.6 96.4 

Sample 2 97.7 99.6 100.8 98.2 98.9 97.3 96.8 

Sample 3 98.3 98.8 98.5 96.6 96.7 97.2 95.8 

Sample 4 99.7 98.2 98.8 97.4 96.8 100.3 95.6 

Sample 5 101.4 98.5 97.5 96.9 99.0 96.2 96.0 

Sample 6 96.0 99.6 99.4 98.9 98.2 97.2 96.1 
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Sample 7 99.6 96.9 99.1 98.9 95.9 97.7 95.5 
Sample 8 100.7 98.4 98.3 96.6 98.2 98.3 95.2 
Sample 9 97.1 99.0 97.9 98.4 97.2 98.9 97.6 
Sample 10 98.9 98.0 97.8 97.5 97.3 97.1 94.7 
Average 98.9 98.5 98.7 97.7 97.4 97.7 96.0 
Minimum 96.0 96.9 97.5 96.6 95.9 96.2 94.7 
Maximum 101.4 99.6 100.8 98.9 99.0 190.3 97.6 
% RSD 1.6 0.8 1.0 0.9 1.2 1.2 0.9 
Acceptance 
e value < 3.9 1.9 2.3 2.9 3.8 3.7 4.5 
15 2 
Ref. LNB R&D/0207, R&D/0211, R&0/N2i2, R&D/0213 


Inference (Optimization of Compression Stage): 


Physical parameter evaluated for all the seven (07> betches manufactured by variation of 
turret speed, feeder speed and feeusr type sere Yound within acceptable limit 1.e., 
disintegration within 5 minutes,.uniturmity, of weight at acceptable range, appropriate 
hardness and low friability. 


Dissolution (average) of.the core tevlets"at OGD method showed that more than 85% of 
the drug was released wi hin 30 niinutes for all of the batches studied under compression 
stage optimization..Dssulution wis not impacted by variation of turret, feeder type and 
force feeder speed 


Uniformity et dosage unit by content uniformity for all of the batches studied under 
compression stage optimization were found within acceptable limit (Acceptance value <5). 


ssay content of all the batches were within (101.1- 102.7) % for 80 mg and (96.9- 100.6) 
% for 10 mg. 


raole 94 describes the risk reduction for the compression step as a result of the development 
studies and justification is given below Table 95. 
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Table 94: Updated Risk Assessment of the Compression Process Variables 


Output 
material 
CQAs 


Compression Process Variables 


Input Material Attributes Compression Machine Variables 
Blend Blend 
Uniformity 


Main 
compressiva 
force/t) ‘cnness 


Feeder 
Type and 
Speed 


[Pre compression 
force/thickness 


Content 
uniformity 


Dissolution 


Tablet 
Appearance 


Hardness 


*The level of risk is reduced from the initial risk asses. mer. 


Table 95: Justification of Reduced Risk ef tiie Comprzssien Process Variables 


Variables Drug Risk | Ju tification and Initial Strategy 
Product | Assessment ! 
CQAs 


Biesd uniformity is optimized during development and scale-up 
Blend ey hreug out the optimization of granulation, drying and size reduction 
uniformity + steps. However, this attribute needs to be further verified at 
(BU) Content commercial scale for intended equipment. The level of risk is reduced 
unifcunty from High to Medium from the initial risk assessment. 


As API percentage is around 7.3% w/w as well as blending and 


assay lubrication stage parameters is fixed at blend optimization stage (i.e. 
No. of revolution) that’s why blend uniformity has impact on tablet 
Blen@ssseay assay and content uniformity. However, this attribute needs to be 
Content further verified at commercial scale for intended equipment. 
uniformity Therefore, the level of risk is reduced from High to Medium from 
the initial risk assessment. 
Assay 
Feeder Content Tablet Assay, Content uniformity, hardness and dissolution is not 
Type and uniformity impacted by Feeder Type (Gravity vs. Force Feeder) and Speed. The 
Speed Discolution risk is reduced to Low. 
Hardness 
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Variables Drug Risk Justification and Initial Strategy 
Product | Assessment 
CQAs 
Tablet hardness increases with compression force. Within the 
; . compression force range studied, the resulting tablet hardness did not 
Dissolution . . ; : i 
Pre- adversely affect dissolution and > 90% dissolution at 5% min was 
compression achieved. The risk is reduced to Low. | 
force/thickness Pre-compression force is optimized during (eVelosment and tablet 
Hardness hardness mainly controlled by main corapversion force. The risk is 
reduced to Low. 
Tablet hardness increases with compression force. Within the 
Mision compression force range studied, «hex zsulting tablet hardness did not 
adversely affect dissolution ad > 90% dissolution at 30 min was 
achieved. The risk is reduect) Low. 
Main Tablet During compressio.. ,opimization summary, within standard 
iss avai ie hardness range no 'avinduon or capping occurred. The risk is reduced 
force/thickness| “*PPSarance to Low. 
Tablet ha-diess was sot) varied so much with standard main 
Hardness compression” force “enc. meet hardness requirement for this 
predact, Phe risks reduced from High to Medium. 
Assay I'resxspeed is on*#imized during development and scale-up which need 
vo be furtiier valiaated at commercial scale for intended equipment. 
Content The leve..of risk is reduced from High to Medium the initial risk 
uniformity assessn iit: 
a Dissolution Within, the hardness range studied, the resulting tablet hardness did 
Fences not adversely affect dissolution. The risk is reduced to Low. 
Tablet Appearance is not impacted by the tableting machine speed. 
The risk is reduced to Low. 


2.2.3.5 Cvating Process Optimization 


Inia’ Risk Assessment of the Coating Process Variables based on the initial risk assessment of 
the overall manufacturing process. Process variables that could potentially impact physical 
attributes are identified and their associated risks were evaluated. Inlet air temp, Atomizing air 
pressure and Spray Rate are identified as most potentially critical process parameters for further 
evaluation to establish limits for these CPPs (and CMAs) within which the quality of drug product 
will be assured. The results of the initial risk assessment of the compression process variables are 
summarized in Table 96 and justification is presented below Table 97. 
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Table 96: Initial Risk Assessment of the Coating Process Variables 


Output Coating Process Variables \ 
material ek 
CQA Input Material Attributes Coating Machine Variables 
Core Hardness Solid Inlet Air | Inter Air | Atomizing | Spra’ | Pan Speed 
Tablet content Temp. | Volume Air hate (RPM) 
Appearance (°C) (CFM) Pressure (ENLAAY 9) 


(AAP, 


é 


Weight gain 


Degradation 
Product 


| 
| 
x 


Table 97: Justification of Initial Risk Assessme:t ufihe Ccatiag Process Variables 


Variables Output Risk | Justification 
Material CQAs |Categor / . 
yy Final appeara7.ce of the tablet depends on the appearance of the 
Appearance core \ablet Core tablet appearance control at earlier step. The risk 
is Wocium. 
; ; b 
Core Tablet Weight gaia C 
a : : Core tablet appearance is unlikely to impact weight gain, 
Penton dissolution and degradation product. The risk is Low. 
> Degradation 
Product 
N | Tablet hardness is likely to impact final product appearance as 
tablet with suboptimal hardness may not withstand with the rigor 
Appearance of the coating pan and removal of material from the surface may 
results in rough surface. The risk is considered Medium as tablets 
meet the friability requirements. 
. . Suboptimal hardness may lead to surface erosion which impacts 
eae Ween oe the at gain. The a Medium. : 
Hardness range established at earlier step and dissolution profile 
Dissolution found similar for different tablets prepared with different 
hardness. The risk is Low. 
Degradation Hardness is unlikely to impact Degradation Product. The risk is 
Product Low. 
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Variables 


Solid content 


Output 
Material CQAs |Category 


Appearance 


Weight gain 


Dissolution 


Degradation 
Product 


Inlet Air 
Temp (°C) 


Appearance 


Weight gain 


Dissolution 


Degradation 
Product 


Inlet Air 
Volume (CFM) 


Appearance 


Weight gain 


Dissolutio1 


Degrad. tio; 
Proauct 


Aitomizing Air 
Pressure (AAP) 


». Appearance 


Weight gain 


Dissolution 


Degradation 
Product 


Justification 


Higher solid content in coating solution may result in sort cell 
roughness of the tablet will be evaluated during development. The 
risk is Medium. 


Solution with higher solid content reduces the risk of weight gain 
but need optimization of the process parameters, The risk is 
Medium. 


Percent of solid in solution is unlikely to impact dissolution and 
degradation product. The risk is “.ow. 


Inlet air temperature variability may cause over drying of tablet 
and spray resulting rough serface and lead to sticking of tablets. 
The risk is Mediu: 


High temperature’“nay cause spray drying which can impact 
weight gain. T..e 18k is High. 

Inlet air temperature unlikely to impact dissolution. The risk is 
Low. 


High. proadct bed veni,,erature may impact degradation products. 
Powever, atorvastati» calcium trihydrate is stable at solid state 
degradatiow Tnere.ore, the risk is Medium. 


inlet A‘r volu ne higher/lower than optimal is likely to impact 
appe \ranci’. The risk is Medium. 


Invet.Au Volume higher than optimal is responsible for spray 
dry ing. The risk is Medium. 


inlet Air Volume is unlikely to impact tablet dissolution and 
degradation product. The risk is Low. 


Tablet surface roughness is dependent on atomization air 
pressure. High AAP may impact on appearance of the tablet (i.e. 
surface roughness) and generates more fine droplets, which 
triggers spray drying (i.e. impact on weight gain) and low AAP 
may cause defects like sticking and picking due to formation of 
large droplet size. The risk is High. 


Atomizing Air Pressure may impact the uniformity of the coating 
which may impact the disintegration of the coated tablets 
ultimately on dissolution. However, water soluble materials used 
at film coating stage. Hence, the risk is Medium. 


Atomizing Air Pressure is unlikely to impact tablet dissolution 
and degradation products. The risk is Low. 
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Variables Output 
Material CQAs |Category 
Appearance 
Weight gain 
Spray Rate ‘ ; 
Dissolut 
(RPM) issolution 
Degradation 
Products 
Appearance 
Pan Speed Weight gain 
(RPM) 
Dissolution 
Degradation 
Product 


Justification 
Variability of spray rate may cause inadequate drying, tv ieee 
and sticking, orange peel effect. Thus spray rate will have a 
significant impact on surface roughness and weight gan. The 
optimization of spray rate is needed hence considered asigh risk 
for appearance and Medium risk for weight gain. 


Variability of spray rate may impact the voiforn ity of the coating 
which may impact the disintegrations.oc, the coated tablets 
ultimately on dissolution. However. :vaier soluble materials used 
at film coating stage. Hence, th isl is Medium. 


Uncontrolled spray rate may ‘“spact the weight gain and moisture 
absorption during film ‘coating stage which may impact the 
degradation product ene:ation. However, core tablet hardness 
optimized in such/a \way\so that moisture pick up during coating 
stage can be minim.zeu. Hence, the risk is Medium. 


Pan speed ma)» cause defects like sticking due to improper 
rotation of+he tablet in the coating pan. Pan speed also ensure 
uniform sarzying e« ta vlet throughout the coating process. Pan 
spetd wilt be con‘ro.'ed by visual observation during coating 
urocess. The 1tsk is Medium. 


P:n speed is ur likely to impact tablet dissolution and degradation 
prodicts. “The risk is Low. 


The objective is to screen Ovt “ritical process parameter (CPPs) from potential critical process 


parameter (p-CPPs) anc to establish design space for CPPs as well as evaluation of their impact 
on intermediate CQAs or finished product CQAs. Based on current understanding inlet air 
temperature, soray\rate and atomizing air pressure are identified as potential critical process 


parameter (pyCP?Ps) for optimization summary. 
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Table 98: Manufacturing Formula for Process Optimization summary (Coating Optimization) 


= 


Amount 
(% w/v" to 
S/N Ingredients impetubley tie core 
80 mg 40 mg 20 mg 10 mg vobiet) 
Intra-granular 
1 Atorvastatin Calcium Trihydrate USP“ | 86.6000 43.3000 21.6500 108250 7.241 
op eee 258.7500 | 129.3750 | 64.6875°9%32.3438 | 21.635 
(Sturcal L) N 
|e ene Cellier 439.7750 | 219.8875 | 10437 | 54.9719 | 36.770 
(Vivapur 301) 
Lactose Monohydrate on WN 
4 (Pharmatose 200M) 270.0000 | 135.00? 67.5000 33.750 22.575 
ogee renee types 28.7500 | 14.2750 | 7.1875 | 3.5938 2.404 
(Primojel™) 
Binder Solution 
Hydroxy Propyl Cellulose A & AY 
6 (Klucel EF Pharm) 25.6 ‘Sv 12.9575 6.4688 3.2344 2.163 
7 Polysorbate 80 (Kolliphor PS 80) 2.8750 1.4375 0.7188 0.3594 0.240 
8 Purified Water@ Qs Qs Qs Qs N/A 
— en ee ay 
Extra-granular 
Croscarmellose Sodium 
9 (Ac-Di-Sol® SD-711) 8.7500 14.3750 7.1875 3.5938 2.404 
10 Magnesium Steareve (v'ez.) 8.6250 4.3125 2.1563 1.0781 0.721 
Total weight oi cere tablet (mg) 1150.000 | 575.000 287.500 | 143.750 N/A 
Film Coating 
Opausy li Complete Film Coating 
11 Si sven (White; 85F18422) 40.2500 20.1250 10.0625 5.0313 3.365 
12." \Hypromellose 2910, 6 mPa.s 2.8750 1.4375 0.7188 0.3594 0.240 
Opadry® Complete Film Coating 
al 
3 System (Clear; YS-1R-7006) 2.8750 1.4375 0.7188 0.3594 0.240 
14 Purified Water@ Qs Qs Qs Qs N/A 
Total weight of coated tablet (mg) 1196.000 | 598.000 299.000 | 149.499 100.000 


*Equivalent to 10 mg, 20 mg, 40 mg and 80 mg of Atorvastatin; @ Purified water evaporate during drying process 
and not a part of final product. 
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Table 99: Process Characterization/Optimization Plan of Coating Process Variables 


: Range for Optimization 
Input Variables oe 
(p-CPPs) -1 0 +3 
(low) (medium) ‘hi;,h) 
Inlet Air Temp. (°C) 50.00 60.00 70.00 
Atomizing Air Pressure (Bar) 1.00 1.50 2.00 
Spray Rate (RPM) 10.00 15.00 20.00 


Table 100: Experimental Design for Atorvastatin Calcium Tablets USi at Coating Optimization 


Summary 
; F Independent Variables 
Pesenret Experiment Untra-granular ingredient variation) 
Atomizing 
poe Batch No. | Strength | Batch No. | Stren; th tnlet Temp Air Pressure Spry Rate 
Run No. CO) (RPM) 
a (bar) 
1 20H018A1 20H018B 62.00 1.50 10.00 
2 20H018A2 20HO1EB2 60.00 1.50 20.00 
3 20H018A3 20H028B3 60.00 2.00 15.00 
4 20H018A4 | 80mg )\20:101854 10 mg 60.00 1.00 15.00 
5 20H018A5 20H110B5 50.00 1.50 15.00 
6 20H018A6 20H018B6 60.00 1.50 15.00 
7 20H°18A, 20H018B7 70.00 1.00 15.00 
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Table 101: Dissolution Data of Different Batches of Atorvastatin Calctum Tablets USP, 80 mg 
and 10 mg at Coating Optimization Summary (Coated tablet) 


See pH 6.8 Phosphate Buffer 
Apparatus | Paddle (USP Apparatus II) 
Volume 900 mL 
Speed 75 RPM 
% Drug Release in 30 min 
80 mg 1048 

Batch No. Avg. Min. Max. a Batch No. Avg. | Min. Max. a 

RSD RSD 
20HO18A1 90 89 92 1.5 20H018B1° \39 88 91 1.2 
20H018A2 93 90 96 2.9 20H0178? * 90 89 92 1.1 
20H018A3 93 92 96 1.6 20H 1623 91 90 93 1.6 
20H018A4 96 95 97 0.7 29H018B4 90 88 91 1.3 
20H018A5 94 92 95 114 2OHO18B6 y 89 87 92 1.9 
20H018A6 93 93 95 1 , 20HO7TSBu 91 90 92 0.8 
20H018A7 97 95 98 Nl WHOALRET 89 88 91 1.2 
Ref. LNB R&D/0209, R&D/0215 


Table 102: Impurity Result of D't’erent Batebes*of Atorvastatin Calcium Tablets USP, 80 mg at 
Coating Optimization Summzry (Cvated tahist) 


2VHO018| 20H018 | 20H018 | 20H018 | 20H018 | 20H018 | 20H018 


Impurity Name Strength 4 A2 AB A4 A5 A6 AT 


Atorvastatin pyrrolidéne analog 
(NMT 0.5 %) 


Atorvastatin related compound H 
(NMT 1.0 %o) 


Atorvastat.n epoxypyrrolooxazin 
6-hyd:oxy’analog (NMT 0.5 %) 

A torv: statin epoxypyrrolooxazin 
7-hydroxy analog (NMT 0.5 %) 80 mg 


Atorvastatin epoxy THF analog & 


0.05 0.05 0.05 0.06 0.05 0.06 0.06 


0.05 0.04 0.05 0.05 0.05 0.04 0.05 


0.04 ND ND ND 0.03 ND 0.02 


ND ND ND ND ND ND ND 


Atorvastatin related Compound D 0.03 0.03 0.03 0.03 0.02 0.02 0.03 

(NMT 1.5 %) 

Any other unspecified 

degradation product (NMT 0.2 %) 0.04 0.04 0.04 0.04 0.04 0.04 0.04 

Total impurities (NMT 4.0 %) 0.23 0.19 0.19 0.22 0.23 0.20 0.25 
Ref. LNB R&D/0211, R&D/0212 
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Table 103: Impurity Result of Different Batches of Atorvastatin Calcium Tablets USP, 10 mg at 
Coating Optimization Summary (Coated tablet) 


20H018 | 20H018 | 20H018 | 201018 | 20H018 | 20HO12 | 201/018 
B1 B2 B3 B4 B5 B6 B7 


Impurity Name Strength 


Atorvastatin pyrrolidone analog 
(NMT 0.5 %) 


Atorvastatin related compound H 
(NMT 1.0 %) 


Atorvastatin epoxypyrrolooxazin 
6-hydroxy analog (NMT 0.5 %) 

Atorvastatin epoxypyrrolooxazin 
7-hydroxy analog (NMT 0.5 %) 10 mg 


Atorvastatin epoxy THF analog & 


0.05 0.05 0.05 0.06 0.05 9.05 0.05 


0.05 0.05 0.05 0.05 0.02 0.05 0.06 


0.03 ND ND ND ND ND ND 


ND ND ND ND ND ND ND 


Atorvastatin related Compound D 0.03 0.03 0.12 0.03 0.01 0.03 0.03 

(NMT 1.5 %) 

Any other unspecified degradation 

product (NMT 0.2 %) 0.04 0.05 0.04 0.04 0.04 0.04 0.04 

Total impurities (NMT 4.0 %) 0.26 1.23 0.20 0.24 0.19 0.23 0.24 
Ref. LNB R&D/0211, R&D/0212 


Inference (Optimization of Coating Stage): 


= Dissolution (average) or the coated tablets at OGD method showed that more than 85% of 
the drug was releasea\ter all the batches within 30 minutes. Dissolution was not impacted 
by variation of 1:let air temp, atomizing air pressure and spray rate. 


= Impurities of tie drug product were found at very low level for all the batches manufactured 
by variation of the coating process parameters. 


Table 1U4 describes the risk reduction for the coating step as a result of the development studies 
and.tustitication is given in Table 105. 
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Table 104: Updated Risk Assessment of the Coating Process Variables 


Output 
material 
CQA Input Material Attributes 


Coating Process Variables 
Coating machine variables 


Core Hardness| Solid Inlet Air 
Tablet content Temp. 


Inter Air 
Volume 


Appearance 


Degradation 
Product 


Appearan 


CC) 


*The level of risk is reduced from the initial risk assessn em 


Table 105: Justification of Reduced Riskof the: Coating Process Variables 


Justification 


| Tablet a pearance is not impacted during coating optimization as 


Hurdres.; range is established during optimization. The risk is reduced 
vo Low. 


Tablet appearance and weight gain are not impacted by studied 
hardness range. The risk is reduced to Low. 


Solid content of the dispersions was optimized. Excellent tablet 
appearance was found with selected dispersion. The risk is deduced 
to Low. 


During coating stage optimization, different level of Inlet air 
temperature was studied and found good tablet appearance with inlet 
air temperature > 50°C. The risk is reduced to Low. 


Standard weight gain was showed with variation of inlet air 
temperature. Therefore, risk of weight gain is mitigated. The risk is 
reduced to Low. 


Variables Output 
Material 
Attributes 
Core Tablet 
Appearance 
Appearance 
Anpearence 
Hardness 
Weigut gain 
:\ppearance 
Solid conteré 
Weight gain 
Appearance 
Inlet Air 
Temp. Weight gain 
CC) 
Degradation 
Products 
Appearance 


From coating stage optimization, it is evident that degradation product 
is not impacted by inlet air temperature range (50-70°C) proposed for 
coating operations. The risk is reduced to Low. 


Risk of this step is optimized at lab and exhibit scale. However, this 
step to be controlled at commercial manufacturing in respect to the 
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Variables Output Justification 
Material 
Attributes 
Inlet Air intended equipment. The level of risk is reduced to Low fron:the ir itial 
Volume Weight gain risk assessment. 
(CFM) 
sits Appearance 
Atomizin es : . et ; F 
Air P 2 Atomizing Air Pressure is optimized during duyetop nent and same is 
ir Pressure i i : : eae 
(AAP) Weight gain proposed for commercial operations. The isk 3 reduced to Low. 
Dissolution 
Spray Rate has impact on tablet anper rence. Spray rate is optimized at 
lab scale but during scale up spray\ratc need to be verified based pan 
Appearance ; : . . not fe 
size, pan load and inlet air vo'ume. The level of risk is reduced from 
High to Medium. 
Spray Rate : . Weight gain range estebust ed during formulation development and 
(RPM) Weight gain : Fo eg 
controlled in batch 12cz4_ The risk is reduced to Low. 
Dissolution Weight gain range is uptimized at lab and exhibit scale. However, this 
Degradation step to be ‘veitfiel at ceimiercial manufacturing in respect to the 
Products intendec,equipwient. Tho ri. « is reduced to Low. 
Riskwot vhis step is optimized at lab and exhibit scale. However, this 
Appearance : ‘ a 
Pan Speed stop ‘o»be veritied et commercial manufacturing in respect to the 
(RPM) ; ; intended eqa:pment. The level of risk is not reduced from the initial 
Weight gain ; 
visk assess nent 
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2.2.4 Process Scale up 
2.2.4.1 Scale up batch manufacturing strategy 


Scale up batch of Atorvastatin Calcium Tablets USP 10 mg, 20 mg, 40 mg anc, 80 mg 
manufactured at pilot plant utilizing the equipment, manufacturing process and raw 12aterials 
intended for proposed exhibit batches manufacturing to verify the potential <iitical process 
parameters identified at laboratory scale. 


The batch size was 56.000 kg for common blend (Atorvastatin calctum Tabiets USP 10 mg, 20 
mg, 40 mg and 80 mg; Ref. BMR: BMR/TT/0060022) from where, 


= 7.124 kg (equivalent to 49,565 Tablets) for 10 mg strength were compressed and coated 
(Ref. BMR: BMR/TT/0060026), 

= 7.188 kg (equivalent to 25,000 Tablets) for 20 mg =trength were compressed and coated 
(Ref. BMR: BMR/TT/0060025), 

= 7.188 kg (equivalent to 12,500 Tablets) for 40 mg strength were compressed and coated 
(Ref. BMR: BMR/TT/0060024), 

= 34.500 kg (equivalent to 30,000 Tab!ets) ror 80 mg vtrength were compressed and coated 
(Ref. BMR: BMR/TT/0060023). 


The raw materials used in the manufacturir.s process were purchased from approved suppliers and 
its approval status verified by QA\personn2l betore commencing the dispensing activities. 
Respective personnel issued thes,dented 14vy.materials for each stages of manufacturing and it 
was counter checked by production personne’ and verified by QA. The major equipment was used 
during manufacturing of scale up batch are presented below Table 106 and details of raw materials 
used are enclosed in Tabie 107. 


Table 106: Major Equipment used for Manufacturing of Scale-up of Atorvastatin calcium Tablets 
USP, 10 mg, 20 mg, 40 mg & 80 mg. 


 quipment/ Equipment/ Instrument P 
aN ™surument Name ID No. Capacity Make 
Jo Vibratory sifter AHL-1-TT-E-18-031 N/A Russell Finex Sieves 


and Filters Pvt. Ltd. 


Fluid Bed Processor 


2. (FBP) AHL-1-TT-E-16-004 362 L Glatt Systems Pvt. Ltd. 

3. Co-Mill AHL-1-TT-E-16-005 N/A Glatt Systems Pvt. Ltd. 
Nantong Beite 

4, Bin-Blender AHL-1-TT-E-16-006 400 L Pharmaceutical 


Machinery co. Ltd. 


16 Station Single Rotary 
Compression Machine 


6. Coating Machine AHL-1-TT-E-16-012 56L Glatt Systems Pvt. Ltd. 


5. Compression Machine AHL-1-TT-E-16-033 Luxner (kg Pharma) 
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Table 107: Raw Materials Details and Composition used for Manufacturing of Scale up of 
Atorvastatin calcium Tablets USP, 10 mg, 20 mg, 40 mg & 80 mg 


Amount (°% w/w to 
S/N Ingredients (mg/ Tablet) che core 
80 mg 40 mg 20 mg 10 mg ts dlet) 
Intra-granular 
1 Atorvastatin Calcium Trihydrate 86.6000 43.3000 21.6500 | 08259 7.241 
2 ee 258.7500 | 129.3750 | 64.6875\732.3438 | 21.635 
(Sturcal L) : 
ge eevee 439.7750 | 219.8875 | 109@37_)'54.9719 | 36.770 
(Vivapur 301) . 
Lactose Monohydrate % 
4 (Pharmatose 200M) 270.0000 meal, \ 67.5900 33.750 22.575 
ge. | ome orn cola Type ss 28.7500 | 14.3750.) 7.1875 | 3.5938 2.404 
(Primojel”) S 
Binder Solution 
Hydroxy Propyl Cellulose > 
6 (Klucel EF Pharm) 25.8750 12.9375 6.4688 3.2344 2.163 
7 Polysorbate 80 (Kolliphor PS 80) 2.8756 1.4? !5 0.7188 0.3594 0.240 
8 Purified Water@ QS CS Qs Qs N/A 
Extra-granular »' \ 
ie [beeen oe 28.7500] 114.3750 | 7.1875 | 3.5938 2.404 
(Ac-Di-Sol® SD-711) typ 
10 Magnesium Stearate (Veg.) 8.0250 4.3125 2.1563 1.0781 0.721 
Total weight of core tabletmy) Y 350.900 575.000 287.500 143.750 N/A 
Film Coating (Step I) 
Opadry II Complete! :!m Coating 
11 System (White; 85519422) 40.2500 20.1250 10.0625 5.0313 3.365 
12 Hypromellos: 210, 6 mPa.s 2.8750 1.4375 0.7188 0.3594 0.240 
13 | Purified Wates@ Qs Qs Qs Qs N/A 
Film Coating Cte» ID 
Ovediy® Complete Film Coating 
14 Sytem (Clear; YS-1R-7006) 2.8750 1.4375 0.7188 0.3594 0.240 
15./ )Putified Water@ Qs Qs Qs Qs N/A 
Total weight of coated tablet (mg) 1196.000 598.000 299.000 149.499 100.000 


(@iNot part of final product as it is eliminated during drying. 


Note 


1. Calculate and dispense the Atorvastatin Calcium Trihydrate USP based on the 100% w/w assay on 
anhydrous basis and nil % of water content. 


2. Adjust the quantity of Microcrystalline Cellulose based on the actual quantity of Atorvastatin Calcium 
Trihydrate USP taken, to maintain the constant tablet weight. 
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2.2.4.2 Narrative Summary of Manufacturing Process: 


Dispensing: 


Weigh all the ingredients for the batch and pack each in double lined polythene bag w:thoroper 


label. 


Sifting, Premixing & Granulation: 


1. 


Co-Sift Atorvastatin Calcium Trihydrate USP & Calcium Carbonate through mesh #20 
using vibratory sifter and collect into polybag. 

Sift Sodium Starch Glycolate, Microcrystalline Cellulose & nactose Monohydrate through 
mesh #20 using vibratory sifter. 

Perform premixing using Bin-Blender (400L) an@ ix for 10 minutes at 10+1 RPM. 
Prepare binder solution using Hydroxy Propy’*Celwziose (Klucel EF) and Polysorbate 80 
in purified water for top spray granulation. 

Perform top spray granulation at Fluid Rec Processov aad continue drying after completion 
of spraying to get LOD range 1.20-2:90 %\measturec at 105°C in auto mode). 

Sieve the dried granules through tosin#20 usi ig vibtatory sifter & mill the retain granules 
through 1.2 mm using Co-mill. 


Blending & Lubrication: 


Sift Croscarmellose-Sedium through mesh #40 using vibratory sifter. 

Take the size reduction gravuies & sifted croscarmellose sodium into Bin-blender and 
perform blending at Bin-Blender (400 L) for 10 minutes at 10+1 RPM 

Sift magnes™m stearate through mesh #40 using vibratory sifter. Transfer the sifted 
magnesium stearate into Bin-Blender (400 L) and perform lubrication for 5 minutes at 
10+1.RPM 


Compression: 


Compress the blend into 10 mg, 20 mg, 40 mg and 80 mg strengths using suitable compression 
vovling. 


Coating: 


Coat the compressed tablets using suitable coating pan in coating machine 
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2.2.4.3 Yield Range of Scale up batch 


The Permissible yield range for different unit operations of scale up batch provided in Table"): 


Table 108: Permissible Yield Range for Different Unit Operations of Scale up Batch 


S/N Stage Results sinut 
MILLED Stage yield 94.32 % 90.00 - 100.00 % 
1 GRANULES ; vw J 
Overall yield 96.52 % 95.00 - 100.00 % 
i: 0 e 0, 
> |BLENDING Stage yield 93.79 % 90.00 - 100.00 % 
Overall yield 94.35 %* 95.00 - 100.00 % 
10 mg 20 mg ‘0 mg 80 mg 
Stage yield 87.13 %* 86.05 %* ) 623%* | 90.48% 90.00 - 100.00% 
3 Compression 
Overall yield 97.98 % 97.82% 98.29% | 99.73 % 95.00 - 100.00% 
Stage yield 97.36 % 98.49% 90.34% | 95.20 % 90.00 - 100.00% 
4 Coating 
Overall yield 99.05 % 101.12%* 9498.21 % | 97.55% 95.00 - 100.00% 
* will be finalized after) ompletion of va'id.tion batches. 


2.2.4.4 Critical Quality Parameter and Dvta for “ccic up batch 


2.2.4.4.2 Stage: After Lubrication 


Table 109: Blend Uniformit; 0% the Sanipizs Collected from Bin-Blender (after Blending and 


Lubrication) and from SS. /esse: (afier un ozding) 


Measured 
Parameter 


#iend uniformity 


Acceptance Criteria 


Assay value should not be less than 90.0 


% and not more than 110.0 % , 


RSD: NMT 5.0 % 


Sax»phag Location 


After lubrication from Bin-Blender & SS Vessel 


San ple No. 


SIirnAlTL ar nal]; BR] Ww] N] — 


Bin Blender 


96.6 % 
99.0 % 
95.8 % 
95.9 % 
95.0 % 
95.4% 
96.0 % 
99.4% 


SS Vessel 
94.2% 
95.8% 
95.2% 
95.1% 
96.3 % 
95.8% 
95.7% 
96.9 % 
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Measured 


Parameter Blend uniformity 


Acceptance Criteria 


Assay value should not be less than 90.0 
% and not more than 110.0 % , 
RSD: NMT 5.0 % 


Sampling Location 
9 
10 
Minimum 
Maximum 
Average % 
RSD % 
A.R. No. 


lubricated blend). 
1X to 3X , where X= 143.750 mg 


96.5 % 
96.0 % 
95.0 % 
99.4 % 
96.2 
1.1 
202283 


After lubrication from Bin-Blender & SS Vessel! 


95.4% 
97.4 % 
GA % 
974% 
» 95.8 
0.9 
202284 


Note: 10 samples (In triplicate) collected from Bin Blender (After,Lu) "icetion) and SS Vessel (After unloading the 
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Table 110: Results of Pooled Sample at Blending and Lubrication Stage 


S/N TESTS SPECIFICATION Results 
1 Description White to off white powder Co nplies 
Loss on 
2 drying at Not more than 3.5 % w/w 2.1% 
105°C 
Stage -1: RSD of all individual results should be not «sore 
than 5.0 %. Mean of all results should be 90.0 % ta 110.9 
% of target assay. All individual results should.be within 
10.0 % (absolute*) of the mean of the results: Min: 94.2 % 
3 Blend Apes ; . Max: 97.4 % 
Uniformity Stage -2: RSD of all individual results’ siioulcybe not more Avg: 95.8 % 
than 6.0 %. Mean of all results should be 90.0 % to 110.0 RSD: 0.9 
% of target assay. _ 
All individual results should be w.thin the “ange of 85.0 % 
to 115.0 % of target streng*h. 
x Assay by Not less than 94.5% v/wiard Not /nore.tian 105.0% w/w 97.1% 
HPLC of the labeled amotinsor Acorvasiatin. me 
#60 
Sieve ; 0.3% 
5 analysis For in-orriation only #100 3.5% 
(Retained %) 53.7 % 
#200 
6 Bulk density For information only 0.4 g/ml 
7 Tape’ For information only 0.5 g/ml 
density 
8 Ca‘r’s index For information only 15.08 % 
9 a» ieiateal : For information only 1.2 
Ratio 
A.R. No. 202282 
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2.2.4.4.3 Stage: Compression 


Table 111: Content uniformity at Compression Stage of Scale up Batch 


Measured Parameter: Content uniformity Acceptance Criteria: Meets the requirement of USF <905> 


(%) Acceptance value NMT or equal to L1 (L1 is‘) 
Stage: Compression: Slow, Medium, Fast | 
Slow Medium Vast 
Tablet No. (15 RPM) (20 RPM) (25 RPM) 


10 mg | 20 mg} 40 mg | 80 mg | 10 mg | 20 mg| 40 mg | 80 mg | 10 nz » 20 mg| 40 mg | 80 mg 


Tablet - 1 98.6 | 99.4 | 98.5 | 99.5 | 98.9 | 97.8 | 99.3 | 985199 | 97.7 | 100.0 | 99.7 


Tablet-2 | 98.1 | 984 | 98.6 | 99.3 | 98.3 | 96.5 | 99.3. | 928 | 98.4 | 96.6 | 99.4 | 98.4 


Tablet-3 | 98.2 | 97.7 | 99.6 | 99.1 | 97.5 | 99.1 | 287°" 99.6 | 98.5 | 98.9 | 100.6 | 99.0 


Tablet - 4 98.6 | 98.6 | 99.7 | 101.1 | 99.3 | 98.5 4.99.7 | 100.4] 98.5 | 96.3 | 99.6 | 99.4 


Tablet-5 | 97.9 | 98.5 | 99.2 | 99.2 | 98.2 S72 | 9&5 » 98.6 | 98.1 | 97.8 ] 98.3 | 99.0 


Tablet-6 | 98.7 | 97.8 | 99.6 | 98.7 |, 0&7 98.8) 99.0. | 99.4 | 98.0 | 98.6 | 98.5 | 100.0 


Tablet-7 | 98.6 | 98.8 | 99.4 | 96.2 1 ©76 | 106% 99.3 | 99.7 |] 98.9 | 97.7 | 98.3 | 98.9 


Tablet-8 | 98.6 | 97.9 | 99.1 |, 99.y | 984°! 90.2 | 99.4 | 99.2 | 97.7 | 100.6 | 99.6 | 99.6 


Tablet-9 | 97.9 | 98.3 | 95.0) 100.0 | 27.4 | 98.3 | 99.0 | 98.8 ] 98.1 | 99.2 | 98.9 | 98.7 


Tablet- 10 | 98.0 | 97.6 |. 59.4 | 97.8 (97.9 | 97.5 | 98.6 | 99.9 | 98.3 | 99.5 | 98.7 | 100.1 


Minimum | 97.S | .°7,6 | 98.5 | 97.8 | 97.4 | 96.5 | 98.6 | 98.6 | 97.7 | 96.3 | 98.3 | 98.4 


Maximum | 938.7..| 99.4 | 99.7 | 101.1 | 99.3 | 100.0 | 99.7 | 100.4 | 99.9 | 100.6 | 100.6 | 100.1 


Average 
(%) 


SB (%; 0.61 | 0.55 | 0.41 | 0.84 | 0.56 | 1.04 | 0.36 | 0.61 | 0.38 | 1.32 | 0.78 | 0.56 


; (98.3 | 98.3 | 99.3 | 99.3 | 98.3 | 98.3 | 99.2 | 99.3 | 98.3 | 98.3 | 99.2 | 99.3 


Acce ptanc 
2 value 


A.R. No. | 202588 | 202603 | 202609 | 202777 | 202587 |202607 | 202610 | 202776 | 202586 | 202606 | 202611 |202775 


1.0 1.5 1.0 2.0 1.5 2.7 0.9 1.5 11 3.4 1.9 1.3 
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Table 112: Content uniformity at Compression Stage of Scale up Batch 


Measured Parameter: Content (%) 


Acceptance Criteria: Meets the requirement of USP <9U4- 
Acceptance value NMT or equal to L1 (LI is 15) 


Stage: Compression: Initial, Middle, End 


Tablet Initial Middle Rid 
No. 10 mg| 20 mg| 40 mg | 80 mg | 10 mg | 20 mg| 40 mg | 80 mg | 10 mg |) 29 mz | 40 mg | 80 mg 
Tablet-1 | 98.9 | 97.7 | 99.1 | 99.1 | 97.8 | 97.7 | 98.8 | 99.3 | 98. ]%99.3 | 99.4 | 99.7 
Tablet-2 | 98.6 | 974 | 993 | 987 | 992 | 964 | 989 | 991 Pool 978 | 99.2 | 99.9 
Tablet-3 | 98.0 | 99.5 | 98.9 | 98.7 | 98.6 | 98.6 | 99.5 |%99.2 » 988 | 98.4 | 98.8 | 99.2 
Tablet-4 | 98.2 | 991 | 99.0 | 984 | 972 | 993 | ons h¥as | 995 | 970 | 993 | 998 
Tablet-5 | 98.8 | 97.7 | 98.9 | 99.6 | 98.8 | 97.8 "929 | 99.2 | 97.4 | 98.9 | 98.7 | 99.9 
Tablet -6 | 97.7 | 100.2 | 99.2 | 98.8 | 98.5 | 977% | 99.4.1 99.6 | 98.4 | 97.7 | 99.8 | 99.2 
Tablet-7 | 98.6 | 985 | 993 | 100.7] 988] 981 Ladd) 901 | 973 | 983 | 988 | 99.0 
Tablet-& | 972 | 977 | 995 | 994 Lars] oe Koso | 1002| 975 | 990 | 990 | 985 
Tablet-9 | 98.7 | 973 | 993 | 90% Pox6 4 99.07) 99.7 | 991 | 975 | 968 | 992 | 989 
Tablet -10 | 98.4 | 979 | 99.5-l 1003 | |_oswt "995 | 99.5 | 993 | 99.4 | 997 | 996 | 988 
Minimum | 97.2 | 97.3 | 98. » 98.4 97.2 | 96.4 | 98.8 | 98.5 | 97.3 | 96.8 | 98.7 | 98.5 
Maximum | 98.9 | 129.2 [99.5 | 100.7 |-99.2 | 995 | 99.7 |100.2| 995 | 99.7 | 99.8 | 999 
md 98:3 | $8.3 | 99.2 | 99.3 | 983 | 983 | 99.2 | 99.3 | 98.3 | 98.3 | 99.2 | 99.3 
SD (%) 4.054 | 0.98 | 0.23 | 0.72 | 0.61 | 0.96 | 0.33 | 0.45 | 0.86 | 0.95 | 0.37 | 0.51 
Accept 15| 26] 06 | 17 | 17 25 | 08 | 11] 23 | 25 | 09 | 12 
ce valuy 
+R No. |202596| 202597 | 202617 | 202788 | 202595 | 202598 | 202618 | 202787 | 202594 | 202599 | 202619 | 202786 
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Table 113: Results of different physical parameters at compression stage for scale up batch 


Atorvastatin Calcium Tablets USP, 80 mg 
Slow 1140.700 20.93 7.06 
(15 [Uniformity of| 1160.550_| Group | 23.030 g 24.29 Thickness MW! 
RPM) |Weight of 20) 1151.485 | weight of 22.68 7.09 
Tablet (mg): 20 tablets Hasdness (ayn): 
Medium | +30 009 = ‘| 1141.700 ae (kp): 18.29 7.40 mm |__7.06 
(20 pee 5) 1162.890 33.09 «+ | 23-0308 (18-26) kp] 23.13 »o4o | 7.14 
RPM) | een | 1151167 | ane Target- 21.10 (.70- | 7.10 
(1092.500- 3.0 % |___ 21 TO, a 
Fast 1207.500) 1125.060 (22.310- 22.0 kp 18.87 7.50) 7.08 
(25 mg 1164.770 | 23.690) g| 22.965 g RIY ee 7.16 
RPM) 1148.233 2\,N 7.12 
Atorvastatin Calcium Tablets USP, 49 mg 
Slow | Uniformity |_559-780 . 16.34 5.28 
(15 of Weight |_578.990__| Group ; 11.508 g 18.22 fie aey |: 25.29 
RPM) lof 20 Tablet |__575-387 weight Hai ‘ness 17.23 (mm) 5.29 
Medium | (mg) 7750: 7) ee Nes) 14.28 5.40 mm |_5.28 
(20 |575.000 mg |_ 582.340 |, a | 11.52Lg |(03-21) kp 17.88 +0.40 | 5.31 
RPM) | +5.00% | 576.003 | 390, Target 16.68 (5.00- 5.30 
Fast | 046.250 | 564.840 | (11.155- 17-kp 14.24 5.80) 5.28 
25 | 893.790) | 580.930 _| 11.845) ge) NL455 g 17.43 _ 222 
RPM) i 572.759 15.80 5.31 
Atorvastat'n Calcium Ccoits USP, 20 mg 
Sinw —— 284.500 12.99 4.34 
formity }—=2--_ 
go | Unmonm'’y [992.510 Group .|_ 5:26? g 15.14 4.40 
of Weight -———~—~ int ot Thickness 
RPM) lof 20 Tablet |__288-165 yore Hardness 14.14 (mm) 4.37 
Medium (mg) 297,290. | <0 tablets (kp) 12.50 330mm| 4.36 
(25 |287.500 mg [254.900 | Oe |) 5.863 g | (6-14) kp 14.60 +0.40 | 4.42 
RPM) +7.5% 903.190 5 6 = ~ Target- 13.63 (2.90- 4.40 
Fast | (265.9380 280.300__| (54 a 10.0 kp 12.27 3.70) 4.36 
(30 309.062) = 293.500_| 3.038) g | 5.7368 15.66 mm 4.40 
RPM) NE 286.791 13.87 4.38 
P~ Atorvastatin Calcium Tablets USP, 10 mg 
Slow 2 141.930 9.48 3.29 
(26s. Uniformity [745.980 | SOUP | 2.879 ¢ 10.67 __| Thickness | _3.32 
ppp) of Weight of [743 967 __| Weight of Hardness 10.03 mm 3.30 
(mm) 
Medium 20 Tablet 142.780 _ | 20 tablets (kp) 9.63 3.30 3.27 
ace : i é mm c 
(30 (mg) 145.660 | (8) | 2.883¢ | (6-14) kp 10.47 +0.40 | 3.31 
RPM) _|143-750me/j44.170 | 2-875 8 Target- 10.10 (2.90- 3.30 
Fast | i37.969- | 42.850 | Gray 10.0 kp 9.32 3.70) [3.28 
(40 | 154.531) mg| 145-720 | 3.919) 9 | 2.8832 10.29 mm 3.32 
RPM) 144.142 9.77 3.30 
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Table 114: Drug Release at Compression Stage of Scale up Batch at High Hardness and Low 


Hardness 
Test Conditions USP type -2 apparatus, 900 mL,0.06 N Hydrochloric acid (medium), 50 RPM, 27 °C 
Acceptance Criteria Not less than 80% (Q) of the labeled amount of Atorvastatin is dissolv<| in 30 minutes. 
Low hardness High Ma.dness 

Tablet No. 

10 mg 20 mg 40 mg 80 mg 10 mg 202g 40 mg 80 mg 
Tablet - 1 100 101 99 99 101 103 98 96 
Tablet - 2 100 97 97 95 97 Peay 97 97 99 
Tablet - 3 96 97 98 97 97 99 97 97 
Tablet - 4 96 99 97 97 9o 96 96 99 
Tablet - 5 98 97 96 98 96 97 98 98 
Tablet - 6 96 97 98 9S 101 96 96 97 
Minimum 96 97 96 95 96 96 96 96 
Maximum 100 101 99 ¢9 101 103 98 99 
Average (%) 98 98 9§ 98 98 98 97 98 
A.R. No. 202589 202604 =| 202315 2021.74 | 202590 | 202605 | 202616 | 202773 


Table 115: In-process CQAs for Pooied Samp es a) Compression Stage of Scale up Batch 


Atorvastatin C:lcium Tabicts USP, 10 mg, 20 mg, 40 mg and 80 mg 


S/N | Parameter Acceptance Ci ‘teria 10 mg 20 mg 40 mg 80 mg 
: . : Min: 96.6 Min: 97.1 Min: 97.2 Min: 99.3 
| | Content a Lape weriai ae ae Max: 100.0 | Max: 99.2 | Max: 100.1 | Max: 101.9 
uniformity 15.0 P ~ Avg: 98.1 Avg: 98.0 Avg: 98.8 Avg: 100.8 
. AV: 3.5 AV: 2.2 AV: 2.2 AV: 2.3 
Avsay (B Not less than 94.5% and not 
2 PLC) Y | more than 105.0% of the labeled 98.3 98.3 99.2 99.3 
. amount 
po 
Not less than 80% (Q) of the Min: 89 Min: 93 Min: 98 Min: 96 
3 | Dissolution | labeled amount of Atorvastatin Max: 95 Max: 94 Max: 100 Max: 103 
is dissolved in 30 minutes. Avg: 91 Avg: 93 Avg: 99 Avg: 98 
A.R. No. 202580 202581 202608 202785 
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Table 116: Results for Pooled Samples at Coating Stage of Scale-up Batch 


Atorvastatin Calcium Tablets USP, 10 mg, 20 mg, 40 mg and 80 mg 


S/N Parameter Acceptance Criteria 10 mg 20 mg 40 mg 39mg 


10 mg: A White to off white 
colored, film-coated, oval 
shaped, unscored tablets with 
“AHI” debossed on one side and 
“10” on the other side. 


20 mg: A White to off white 
colored, film-coated, oval 
shaped, unscored tablets with 
“AHI” debossed on one side and 


“20” on the other side. : ; ; ; 
1 | Description Som plies | Complies | Complies | Complies 


40 mg: A White to off whiiz 
colored, film-coated, oval 
shaped, unscored tablets’ with 
“AHI” debossed on one siaveand 
“40” on the other side 


———————— —y ae 
80 mg: A Whit. to-off whie 
colored, film-ooated, oval 
shaped, vuscoredy tables with 
“AHI” debossed on on? sid’, and 

“80” Gashe other side 
The LV “bsorptien spectrum of 
the, inajor, peak .of the sample 


eae sulution corsespunds to that ofthe | Complies | Complies | Complies | Complies 
standard solution, as obtained in 
2 the assay. 
The retention time of the major 
Identificaviow peak of the Sample solution . . . : 
B. PysH2LC corresponds to that of the Complies | Complies | Complies | Complies 
Standard solution, as obtained in 
3_ Water content by KF | Not more than 6.0 % w/w 4.0 5.80 3.6 3.7 
Uniformity of dosage | Meets the requirement in USP 
+ | units (by content NF <905> Acceptance value AV: 1.9 | AV: 1.6 | AV:1.0 | AV: 2.5 
uniformity) (AV) < 15.0 
Not less than 94.5% and not 
5 | Assay (By HPLC) more than 105.0% of the labeled 99.4 99.2 97.4 99.7 
amount 


6 | Organic Impurities by HPLC 
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Atorvastatin Calcium Tablets USP, 10 mg, 20 mg, 40 mg and 80 mg 
S/N Parameter Acceptance Criteria 10 mg 20 mg 40 mg 86 ine 
a iad Not more than 0.5 % 0.1 0.0 0.0 0.1 
pyrrolidone analog 
6.2 | Atorvastatin related | vot more than 1.0 % 0.0 ND 9.0 0.0 
compound H 
Atorvastatin 
6.3 | epoxypyrrolooxazin Not more than 0.5 % ND NP ND ND 
6-hydroxy analog 
Atorvastatin 
6.4 | epoxypyrrolooxazin Not more than 0.5 % ND 0.0 ND 0.1 
7-hydroxy analog 
Atorvastatin epoxy 
hee Not more than 1.5% 0.2 ND 0.0 0.0 
Atorvastatin related 
Compound D* 
Any other 
6.6 | unspecified Not more than 0.2% 0.0 0.2 0.0 0.0 
degradation product 
6.7 | Total impurities Not more then 4.0% 0.4 ND 0.2 0.3 
NUT c0% (Q) ofthe tabeled Min: 93 Min: 91 Min: 97 Min: 96 
7 | Dissolution by HPLC |/atnoent of atorvastacin is Max: 96 | Max:97 | Max:99 | Max: 99 
Uissolved i. 30munutes. Avg: 94 | Avg:93 | Avg:98 | Avg: 98 
8 | Microbial enumerstion test and tests for special microorganisms 
er 4 
Sq, not Ee aioetioretian eoaws 45 45 45 50 
microbrarcount 
Tot.’ combined 
8.2 |snotds and yeasts Not more than 100 cfu/g <100 <100 <100 <100 
count 
38.3 Escherichia coli Absent in | g Absent/g | Absent/g | Absent/g | Absent/g 
ARN 202792, 202780, 202783, 202778, 
Ne M201068 | M201075 | M201076 | M201084 
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Comparative release profile of Scale up batch of Atorvastatin Calcium Tablets 
USP with RLD (Lipitor 80 mg) and Pilot BE batch at phosphate buffer pH 6.8 


120 


—_ 
—) 
—) 


io) 
—) 


O— Atorvastatin Calcium Tablets USP, 10 mg Scale on patch 


Atorvastatin Calctum Tablets USP, 20 mg Sca!< up Batch 


ia 
—) 


~— »— Atorvastatin Calcium Tablets USP, 40 ni Usale up Batch 


es 
i—) 


O- Atorvastatin Calcium Tablets ISP, 8.mg Scale up Batch 


% Drug Release 


—+— Atorvastatin Calcium TabicssU GP, 80 mg Pilot BE_18-G-018 


N 
i—) 


—e— Lipitor Tablets 80 mg 37 199 


0 > 10 15 20 25 30 


Time jn Minutes 


Figure 9: Comparative release profileoS Scale uy of “Atorvastatin Calcium Tablets USP batch 
with RLD (Lipitor 80 m¢) ara Pilo*BrE.b«tch at phosphate buffer pH 6.8 


Inference (Scale up batch): 


The Scale up batch is maiiuractured a larger batch size then development batch so that the potential 
problems of scale-up.can ve addressed, as they arise with larger size manufacturing equipment that 
use the same operatirg principle. The intermediate (in process) CQAs of the output material from 
each process sicp that could impact the final drug product CQAs were identified and tested. to 
ensure that.seale-up will not affect quality and/or efficacy. The results of the scale up batch 
indicatev us the process parameters controlled at each unit operations are suitable to meet the in 
process CQAs of each step and final drug product CQAs. 
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2.2.5 Updated Risk Assessment of the Drug Product Manufacturing Process 


During process development, the identified high risks for each process steps are addressed. 
Experimental studies are defined and executed in order to establish additional scientific knowledge 
and understanding to allow appropriate controls to be developed and implemented, atid t» reduce 
the risk to an acceptable level. After detailed experimentation, the initial manufac ‘uring process 
risk assessment was updated to be in line with the current process undeStenaing. Table 117 
describes how the application of the control strategy to the manufacturing provess has been reduced 
the identified risks. Table 118 provides the justification for the reducgowrisk following process 
development. 


Table 117: Updated Risk Assessment of the Manufacturing Proecss on Drug Product CQAs 


Drug Manufacturing Evoe-8s Steps 
product 


CQAs Co-Sifting Top Spray | Blendig Compression Coating | Packaging 
Mixing | Granulation aid 


& Sifting Lbrication, 


Content 
uniformity 


Degradation 
Products 


*The level of risk is re2uc2d from the initial risk assessment. 
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Table 118: Justification of Updated Risk Assessment of the Manufacturing Process on Drug 
Product CQAs 


Process Drug Risk Justification 
Steps Product Category 
CQAs 
Assay During co-sifting drug substance is mixed with éal sium carbonate 
at vibratory sifter and rest of the excipients in'aing sequentially. At 
Co-Sifting Con daa adopted co sifting process, predefined cu2ity ottributes met for the 
& Sifting wot intermediate (in process) CQAs of tha,ovtput material from each 
— oe process step and final drug produenCOAs. The risk is reduced to 
Low. 
Assay At adopted pre-mixing procvss, predefined quality attributes met for 
Pie idndae the intermediate (in proves) CQAs of the output material from each 
Content process step and final t1g>product CQAs. The risk is reduced to 
uniformity Low. 
Under or over g.anulation may produce unequal granules which 
Assay may impactcentent uniformity/weight variation which is optimized 


at lab aid exnibit scale. However, this step to be verified at 
comr. ercial manufacturing in respect to the intended equipment. 


Top Spray Content ‘Yve level of risl_ is reduced from High to Medium from the initial 


Granulation | uniformity risk assessment 
Dissolution Tp sp ay granulation stage did not exhibit a significant impact on 
Degradation dissolut.envand degradation products of the tablets. The risk is 
Products reduced to Low. 
Assay The | granule uniformity which affects content uniformity is 
a controlled by earlier steps. This step is to blend the granules with 
Contefft small quantities of extra granular excipients. Blending and 
Blending and lubrication steps optimized and found not critical. The risk reduced 


unitemnmcy 


Lubrication to Low. 


Number of revolutions and magnesium stearate specific surface 
area did not exhibit a significant impact on dissolution of the tablets. 
The risk is reduced to Low. 


Dissolution 


Process parameter optimized lab and scale up stage and found less 
Assay . : ; 
impacting to the tablet assay. The risk reduced to Low. 


Compression process variables can cause tablet weight variability 
which could cause tablets to fall out-of-specification for content 


Content : : sie 
uniformity. Process parameter optimized lab and scale up stage. 


Compression | uniformi . . ; : . 
P y However, this step to be further verified in the intended equipment 


at commercial manufacturing. The risk is reduced to Medium. 


Within the optimized hardness range, compression process 
parameters have no impact on dissolution of the dosage form. The 
risk reduced to Low. 


Dissolution 
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Within standard weight gain (3.0-5.0) % for Atorvastatin calcium 


Dissolution Tablets USP meet predefined criteria of dissolution. The rick 
reduced to Low. 
Coating Opadry II White (85F18422) and Hypromellose 2910, 6 m°a.s 
Degradation (Pharmacoat 606) were selected as ready mix coating iaverial to 
Products provide moisture barrier coat. Therefore, the risk “s) reduced 
to Low. 
HDPE container and closure with app opriai> ‘desiccant was 
Paceairs Degradation selected to provide protection from envirenniental factors 1.e. auto 
Products oxidation. Stability data of prototype bstch meet predefined criteria 


for Assay and degradation produc. \Tn? risk is reduced to Low. 


Based on process optimization summary results, critica: process product parameters were 
established for scale-up and exhibit batches. The same presess parameters will be validated during 
validation campaign for commercialization. 
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2.2.6 Process Scale up Summary 


Table 119: Process Scale up summary 


Scale Batch Size (kg) Units (No. of tablet) 


For 10 mg strength: 5,925 Tv lets 
For 20 mg strength: 3828 ‘1 aLiets 
Lab Batch 5.000 kg Common Blend 
For 40 mg strengt:23455 Tablets 


For 80 mg strenst'.1;220 Tablets 
For 10 me stranein: 49,565 Tablets 


For 2% mg strength: 25,000 Tablets 
Fo™0 my strength: 12,500 Tablets 
Por 8u mg strength: 30,000 Tablets 


Scale up (Eng.) Batch 56.000 kg Common Blend 


ror 10 mg strength: 180,000 Tablets 
For.20 mg strength: 135,000 Tablets 


Exhibit Batch 280.313 kg Common Blena 
Foz 40 mg strength: 135,000 Tablets 
Four 80 mg strength: 120,000 Tablets 
For 10 mg strengt1: 24538.750 kz For 10 mg strength: 1,800,000 Tablets 
; For 20 mg streagti: 568.175 kg For 20 mg strength: 1,350,000 Tablets 
Commercial (Proposed) 
For 40 mg strength: 47 ®S0UKg For 40 mg strength: 820,000 Tablets 
For 8u.mys, stiength: 471 500 kg For 80 mg strength: 410,000 Tablets 


Based on experience on we. granulatiomnrocess, top spray granulation, blending, compression and 
coating stage are co.si'ered as critical for robust manufacturing process. During scale up, lab scale 
to semi scale vp ana exhibit scale, similar granulation parameter and predefined hardness range 
are consider¢d critical to meet batch to batch consistency. 


To sc2te-an the blending and lubrication process, same number of revolutions and similar blender 
fill-vohime were maintained from lab to exhibit batch and upon approval to commercial batch. 
Dutuig formulation development, compression process development and optimization summary 
lab model compression machine was used. 


A scale up batch was designed for granulation and compression process development with 


equipment that were used at exhibit batch. All process parameter was evaluated to meet 
intermediate CQAs and drug product CQAs. 
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2.3 Exhibit Batch Manufacturing 


Based on the knowledge gained during Lab scale-up batch manufacturing, same principles.wexe 
used for manufacturing of the exhibit batch of Atorvastatin Calcium Tablets USP, 10 mg, 2U:mg, 
40 mg and 80 mg. Three batches of 280.313 kg (Common Blend) were manufactured. ver each 
strength using two lot of API (Lot # 3141900140 and Lot # 3141900141). Both the APi lot was 
used in Pivotal BE batch preparation. 


Table 120: Exhibit Batch Manufacturing Formula for Atorvastatin Calcivum-Vablets USP 


Amount (% w/w to 
S/N Ingredients (mg/ Tablet) the core 
80 mg 40 mg 20 ng 10 mg tablet) 
Intra-granular ‘ 
1 Atorvastatin Calcium Trihydrate 86.6000 43,5090 21.6500 | 10.8250 7.241 
eed Calo Carbonsty 258.7500 |e29.5750 | 64.6875 | 32.3438 | 21.635 
(Sturcal L) ; 
3 we Cellulose (Vivapur | 4397750] 219.8875 | 109.9437 | 54.9719 | 36.770 
4 Sath. Monon crate (Pharnaigxe 270.0005 | 1350040 | 67.5000 | 33.750 22.575 
a || cogtum Suncinlycolate Types 287500... 14.3750 | 7.1875 | 3.5938 2.404 
(Primojel”) 
Binder Solution 
| Hyttoxy Propyt Cellulose (RAceINE | oshcag | 19,0979 | gagse: || ao34a 2.163 
Pharm) 
7 _| Polysorbate 80 (Kolliphe- P 80) 0.8750 1.4375 | 0.7188 | 0.3594 0.240 
8 Purified Water@ Qs Qs Qs Qs N/A 
Extra-granular 
9 i A Sodium (Ac-Di-Sol" | 58.7500 | 14.3750 | 7.1875 | 3.5938 2.404 
10 Magnes.1m Stearate (Veg.) 8.6250 4.3125 2.1563 1.0781 0.721 
Total \ eight of core tablet (mg) 1150.000 | 575.000 | 287.500 | 143.750 N/A 
Film Coai‘ag (Step ID 
Se 5 A 
Cyadry II Complete Film Coating 
11 Ny stor (White; 85F18422) 40.2500 | 20.1250 | 10.0625 | 5.0313 3.365 
nw, Hypromellose 2910, 6 mPa.s 2.8750 1.4375 0.7188 0.3594 0.240 
13 Purified Water@ Qs Qs Qs Qs N/A 
Film Coating (Step ID) 
Opadry® Complete Film Coating 
14 | system (Clear. YS-1R-7006) 2.8750 1.4375 | 0.7188 | 0.3594 0.240 
15 Purified Water@ Qs Qs Qs Qs N/A 
Total weight of coated tablet (mg) 1196.000 | 598.000 299.000 149.499 100.000 


@Not part of final product as it is eliminated during drying. 
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Note: 


1. Calculate and dispense the Atorvastatin Calcium Trihydrate USP based on the 100% w/w assaj. ca 
anhydrous basis and nil % of water content. 


2. Adjust the quantity of Microcrystalline Cellulose based on the actual quantity of Atorvastatin Ca'cium 
Trihydrate USP taken, to maintain the constant tablet weight. 


Narrative Summary of Manufacturing Process: 


Dispensing: 


Weigh all the ingredients for the batch and pack each in double linec' putythene bag with proper 


label. 


Sifting, Premixing & Granulation: 


1. 


SU Oe 


Co-Sift Atorvastatin Calcium Trihydrate USP & Calcium Carbonate through mesh #20 
using vibratory sifter and collect into polybag. 

Sift Sodium Starch Glycolate, Microcrystaline Celislose & Lactose Monohydrate through 
mesh #20 using vibratory sifter. 

Perform premixing using Bin Blenaer. 

Prepare binder solution for grarutation, 

Perform Granulation at Fluid Bed Processo.. 

Check the LOD of granwleé at 105°C (“.uvo mode). LOD range 1.20-2.00 %. 

Sieve the dried granttesthroughsnesh #20 using vibratory sifter & mill the retain granules 
through 1.2 mm asiig Co-mil', 


Blending & Lubricetion: 


8. 
9. 


Sift Croscarmellose Sodium through mesh #40 using vibratory sifter. 
Fake che granules & sifted Croscarmellose Sodium into Bin-blender. 


14. Perform blending using Bin Blender. 


i 


. Sift Magnesium Stearate through mesh #40 using vibratory sifter. 


12. Perform Lubrication using Bin Blender. 


Compression: 


Compress the blend into 10 mg, 20 mg, 40 mg and 80 mg strengths using suitable compression 


tooling. 
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Coating: 


Coat the compressed tablets using suitable coating pan in coating machine. 


Inspection and Metal detection: 


Inspect tablets using manual inspection machine and detect metal by metal detector 


Packaging: 


Pack the coated tablets in HDPE container with desiccant and closure 


Table 121: Equipment and Process Parameters Used For the Ex'bit Batch 


Process Steps 


Equipment end Fvoress Parameters 


Vibratory Sifter (Russell Finex Sieves anc Filters Pvt. Ltd.) 


ti 
ne Mesh size: # 20 mesh and # 40 exh 
= Bin Blender (Nantong Beite rharmaceutical »fachinery co. Ltd.) 
Premixing . ; : 
Blending Time Period: Jt mnvutes at 1(+1 R2M 
Top Spray Fluid Bed Processor“Clat. Systems vt. Ltd.) 
Granulation Inlet air temperature,ser value: 50-79°C 
Fluid Bed Prowessor (Glatt Systems Pvt. Ltd.) 
Drying Inlet air te.npe rature set valu >: 50-70°C 


LOD roengs 1:20-2:90 % at 195°C (auto mode). 


Size reduction 


Vibioatery sifter (Russe!_Finex Sieves and Filters Pvt. Ltd.) 
“apsh size: #20 mesh 
Co-mill (Glatt Systems Pvt. Ltd.); Screen size: 1.2 mm 


Blending and 
Lubrica*o. 


Compression 
(10 mg, 20 mg, 40 
mg and 80 mg) 


Bin Blender (Nantong Beite Pharmaceutical Machinery Co.) 
Blending Time period: 10 min at RPM 10+1 


Lubrication Time period: 5 min at RPM-10+1 


Compression Machine (PTK Co. Ltd, KG Pharma) 


10 mg strength 
e Dimensions- 9.80 x 5.10 mm, oval shaped 
e Punch Tip (upper) — 9.80 x 5.10 mm, oval shaped, biconcave, “10” embossed. 
e Punch Tip (lower) - 9.80 x 5.10 mm, oval shaped, biconcave, “AHI’’ embossed. 
e Compression machine speed- (40-60) RPM (Optimum 50 RPM) 


20 mg strength 
e Dimensions- 12.30 x 6.40 mm, oval shaped 
e Punch Tip (upper) — 12.30 x 6.40 mm, oval shaped, biconcave, “20” embossed. 
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Process Steps 


Equipment and Process Parameters 


Punch Tip (lower) - 12.30 x 6.40 mm, oval shaped, biconcave, “AHI’’ embovsed. 
Compression machine speed- (40-60) RPM (Optimum 50 RPM) 


40 mg strength 


Dimensions- 15.50 x 8.15 mm, oval shaped 

Punch Tip (upper) — 15.50 x 8.15 mm, oval shaped, biconcave, ““U ’ embossed. 
Punch Tip (lower) - 15.50 x 8.15 mm, oval shaped, biconcave, “-)Hi’’ embossed. 
Compression machine speed- (20-30) RPM (Optimum 25,2 FM) 


80 mg strength 


Dimensions- 19.30 x 10.35 mm, oval shaped 

Punch Tip (upper) — 19.30 x 10.35 mm, oval shanee,; biconcave, “80” embossed. 
Punch Tip (lower) - 19.30 x 10.35 mm, ova! shaped, biconcave, “AHI’’ embossed. 
Compression machine speed- (15-25).Rrt MX Optimum 20 RPM) 


Coating 
(10 mg, 20 mg, 40 
mg and 80 mg) 


Coating Machine (Glatt Systems PVT. Lte 55 L) 


Speed of Stainless Steel Coatin,.7 ai: Should be 1.5 to 15 RPM. 
Atomizing air pressure: Should be between 2.0— 4.0 Bar 

Nozzle Size: 1.0 mm 

Inlet Temperature: ~)-70° C 

Peristaltic Pump. 2k M: 5 to 3C 

Distance betvee».each gua: (1.5 25) cm 

Spray nozzles.pes.tion= Show! be perpendicular to rolling bed of tablets. 
Spray Aozzles distancu.frora bed-(10 - 25) cm 


Spray rete: 40430 x/nina/gun 
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Process Flow Diagram and Narrative Summary is given below Figure 10 


Co-Sift & Sift using vibratory sifter 


Description 
Blend wn:formity 
Blenc.Assay 
Koss on drying 
Bui density 


e Atorvastatin Calcium 
Trihydrate USP 

e Calcium Carbonate 

e Sodium Starch 


Glycolate “.apped density 
e Microcrystalline Carr’s index 
Cellulose 


Hausner’s Ratio 
Sieve analysis 


e Lactose Monohydrate 


Perform premixing using Bin blender 


e Description 
e Hydroxypropyl e Group weight of 20 tablets 
Cellulose ; : e Uniformity of weight 
* Polysorbate 80 Load into FBP & Perform Gzranu.ation é “Hardases 
& Pucihed Water with Binder Solutior s- ‘Thickness 
e —- Friability 
e Disintegration Time 


e Croscarmellose Sodium 
e Magnesium stearate 


Blending ana Lubricativa 


e Description 
e Average weight 
_) Sw e Uniformity of Dosage Units 


Cornreszion by Content Uniformity 
9 e Assay by HPLC 


e ~~ Dissolution 
Water content 


= »)_| £2 ™,. 


e Opadry II Complete 


Film Coating System —— Coating 
e Hypromellose 2910, 6%" I 
mPa.s 


Description 

Identification 

Moisture content by KF 

Uniformity of Dosage Units 

by Content Uniformity 

e Dissolution 

e Assay HPLC 

e Organic impurities by 
HPLC 

e = Microbial test 

e Residual Solvent 

Elemental impurities 


e Opadry ® Comp/cie 
Film Coating Sysuem 
e Purified woiev 


Packaging 


Figure 10: Process flow diagram of Atorvastatin Calcium Tablets USP, 10 mg, 20 mg, 40 mg 
and 80 mg. 
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2.4 Container Closure System 


To be consistent with the RLD, the proposed generic drug product is intended to be label 7for 
Preserve in well-closed containers and store at 20°C to 25°C (68°F to 77°F); excursionsyerm 'tted 
to 15°C to 30°C (59°F to 86°F). The Reference product has chosen cylindrical HDPE bettie with 
an induction seal liner along with desiccant and child resistant (CR) closure. Generic Atorvastatin 
Calcium Tablets USP, shall be packaged in round HDPE bottle with an induction al liner caps 
and the pack details are described in Table 122. 


Table 122: Proposed Commercial Packaging for Generic Atorvastatin Ca’etum Tablets USP 


Strength Counts Container Clo st X Cansiter 

90’s count 40 CC HDPE Container 32 nar R Closure 1 g cansiter 

10 mg 1000’s count 250 CC HDPE Container ¥ dn CR Closure 2 g cansiter 
Bulk Pack (5000’s) 5L Bucket itn lid (5 X 2) g cansiter 

90’s count 40 CC HDPE Convainer 3) ohn CR Closure 1 g cansiter 

20 mg 1000’s count 250 CC HS BS Containe "gum CR Closure 2 g cansiter 
Bulk Pack (5000’s) 5)_Bucket with lid (5 X 2) g cansiter 

90’s count 0 CC HDPE Centainer 33 mm CR Closure 1 g cansiter 

40 mg 1000’s count | 250 CC HbPL Caine: 53 mm CR Closure 2 g cansiter 
Bulk Pack (3/)00's) 5L Bucket with lid (5 X 2) g cansiter 

190's.seunt 250 CC HDPE Container | 53 mm CR Closure Ze canter 

80 mg 500’s count 750 CC HDPE Container | 53 mm CR Closure 2 g cansiter 
Bulk Pack (1500’s) 5L Bucket with lid (5 X 2) g cansiter 
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2.5 Microbiological Attributes 


An accelerated stability summary of the exhibit batch demonstrated that the drug product bas low 
water activity and is not capable of supporting microbial growth. Routine microbiologica! testing of 
Generic Atorvastatin Calcium Tablets USP is unnecessary due to the low water activity of che product 
and controls on incoming raw materials. 


2.6 Compatibility 


This section is not applicable because the drug product is a solid orai dosage form and there are no 
reconstitution diluents. 


2.7 Control Strategy 
2.7.1 Control Strategy for Material Critical Materia‘ Attributes (CMAs) 


The control strategy for Generic Atorvastatin Caietum Tabiets USP, 10 mg, 20 mg, 40 mg and 80 
mg are built upon the outcome of exters#ve product and process understanding studies. These 
studies investigated the material attributes and precess parameters that were deemed high risk to 
the CQAs of the drug product duwing the ‘iitialcisk assessment. In some cases, variables 
considered medium risk were alsc investigatea», Through these systematic studies, the CMAs and 
CPPs were identified and th¢ eccuptable_c»erating ranges were established. Thus, the control 
strategy is an integrated overview of hew quality is assured based on current process and product 
knowledge. The contro. st-ategy maybe further refined based on additional experience gained 
during the commercial lifecycle of the product. However, any post-approval changes should be 
reported to the ageacy in accordance with CFR 314.70 and should follow steps as outlined by 
guidances used Yor scale-up and post-approval changes. The control strategy of raw material 
attributes “cx, commercial manufacture of generic Atorvastatin Calcium Tablets USP, 10 mg, 20 
mg, 40.nic and 80 mg are proposed and provided in Table 123. 
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Table 123: Control Strategy for Critical Material Attributes (CMAs) 


Factor Critical Range studied Actual data Proposed Purpose 
Material (lab scale) for the exhibit range for of control 
Attributes batch (pilot commercial 
scale) scale 
Drug Substance 
' fo. ensure uniform 
Dio: NMT Zu Vistribution of drug 
Dio: 1 pm Dio: 1 um Dso: NVT in the formulation. 
PSD Dso: 7 pm Dso: 7 pm lL sm In-vitro dissolution, 
Atorvastatin Doo: 20 pm Doo: 20 um DowNi4 P50 | in-vivo performance 
Calcium sm and batch to batch 
Trihydrate USP consistency. 
To control the 
Water (4.6-4.73) 46% Between degradation and 
determination % wiw wow (3.5-5.5)%. | microbial growth of 
the drug product. 
Excipient 
_ Assay 99.3 % 98.6 % (98.0-100.5) % 
Precipitated 
Calcium Loss on (0.2-0,5.% 9. dv NMT 2.0 % To ensure batch to 
Carbonate drying i: batch consistency. 
(Sturcal L) : 2 NLT 
Bulk density 0.03 g/mL €.52 g/mL 0.40 g/mL 
® Pass throuzh "»1) Pass through| 1) Pass through 
>250 um (9 >250 um (60 >250 um (60 
taech) : mesh) : mesh) : 
NMT 1% 0% NMT 1 % 
2) Pass through 
2) Pass through >75 um (200 | 2) Pass through 
>75 wm (200 | mesh):22% | >75 pm (200 | TO ensure batch to 
PSD arieshi: medi batch — consistency 
— - for distribution and 
Microciysthiae 23% NM E30 uniformity of drug 
Celluiixe 3) Pass through substance as well to 
(Vieapur 301) 3) Pass through >32 um (450 | 3) Pass through | ensure consistent 
>32 um (469 mesh): 54% | >32 um (450 _ | hardness at 
mesh): mesh): compression stage. 
62 % NLT 55% 
pH 6.7- 6.91 6.7 5.0-7.5 
LOD (3.3-5.1)% 3.7 % NMT 7.0 % 
‘ (0.37- 0.38) (0.35-0.46) 
Bulk density wil, 0.42 g/mL eink, 
LOD 0.2% 0.2% NMT 0.5 % 
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Factor Critical Range studied Actual data Proposed Purpose 
Material (lab scale) for the exhibit range for of control 
Attributes batch (pilot commercial 
scale) scale 
Residue on <0.1% 0.1% NMT 0.1% To ensure ‘ea to 
Ignition batch col sistency 
1. Pass on 45 pm] 1. Pass on 45 1. Pass on 45 | for <istribution and 
Testing Sieve: uum Testing um Testing unio paty of drug 
57% Sieve: 59 % Sieve: Substance as well to 
(50-65) % ensure consistent 
ues 2. Pass on 150 hardness at 
Monohydrate ae ee - pm Testing | > pagQendso | Compression stage 
pm Testing | Sieve: 99 % . 
(Pharmatose PSD Sieve: 97 ° bio Yesting 
200M) Sieve: 
3. Pass on 25€ (96-100) % 
| 
3. Pass ene um Testiffe 
an Testing Sieve: 106% | 3, Pass on 250 
Sieve: 100 % : 
um Testing 
Sieve: 
(99-100) % 
Sodium Starch pH 6.6 6.7 5.5-—7.5 To ensure batch to 
Glycolate Type ae 47 571% NMT nes consistency in 
A (Primojel®) wi Pin 10.0 % wiv isintegration time. 
Saponification 59 52 45 55 
Value 
Bemis 7 To ensure batch-to- 
Polysorbate 80 (0-4) 0 NMT 10 batch consistency in- 
(Kolliphor PS Valle vitro dissolution and 
P Viscosiiy (497-420) 474 300-500 ane 
80) : : ‘ : in-vivo 
(25°C) cenustokes centistokes centistokes f 
Vater performance. 
: eee (2.51- 2.6) % 2.6% NMT 3.0 % 
cetesnination 
LOD (2.3-3.13) % 2.8 % NMT 5.0 % 
w/w w/w w/w 
Viscosity 
Hydroxy Propyl (10% Between 
Cellu'ose Viscosity, eee NES SOEs (300-600) cps _ | To ensure batch-to- 
(J ducel EF water, 25°C) batch consistency. 
Pharm) Between 5.0 
pH (6.0-6.3) 6.2 nda 
i NMT 0.8 ° 
Ree (0.2-0.4) % 0.4% eo 
Ignition w/w 
Croscarmellose LOD 1.4% 29% NMT 10.0 % To ensure batch to 
Sodium (Ac-Di- batch consistency in 
Sol® SD-711) pH 6.5 6.5 3.0 =°7.0 disintegration time. 
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Factor 


Critical Range studied Actual data Proposed Purpose 
Material (lab scale) for the exhibit range for of control 
Attributes batch (pilot commercial 
scale) scale 
Between 5 . 
: Surface Area ae ey 6 m?7/g m2/g to 20 He ensige incient 
Magnesium m*/g lubrication and to 
m2/g é ; 
Stearate (Veg) NMT 6.0% reduce »the risk of 
LOD (3.39- 3.80) % 3.1 % w/w ae 7 retaaed dissolution. 
Opadry II White | Ash Content (39.46-39.73) 38 90% (35.8 - 43.89) “Yo ensure batch-to- 
(85F18422) (%, w/w) % eile % wiw ~~ | batch consistency. 
Viscosity eee 5.0 mPa.s 4.807.) tnPa.s 
Hypromellose os ; 
Residue on To ensure batch-to- 
2910, 6 mPa.s ie (0.59-0.60)% 0.5 % NMT 1.5% | batch consistency in 
(Pharmacoat Ignition . ; 
606) = eT aa a ea coating solution 
P ia ~ po viscosity 
LOD (1.4-1.6) % 2.9% NMT 5.0 % 
Opadry Clear Ash Content F To ensure batch-to- 
0.809 Of _ 0, 
(YS-1R-7006) (%, w/w) hee jase DON SNe batch consistency. 


2.7.2 Control Strategy for Process Parsmeters 


Based on laboratory scale batches, fermelation/and process optimization summary results, process 
parameter at exhibit batches were ustablished. based on exhibit batches outcome a control strategy 
for process parameters has be2n »rcposedfo. commercial batch and summarized in Table 124. 


Table 124: Control Stra‘eg:/ tor Process Parameter 


J Control 
Control for for the 
scale-up exhibit 
Gutealroces: batch (Eng. patch Proposed 
: Range studied Batch) (pilot range for Purpose of 
S/N. | Prucess | Parameter and/ in ; 
Prone Coarcl (Lab scale) Batch: scale) commerci control 
44.179 kg Batch: al scale 
(common 157.781 kg 
blend) (common 
blend) 
Co- Vibratory Vibratory Vibratory | Vibratory To separate 
ee Equipment : : ; ; 
1 sifting Sifter Sifter Sifter Sifter and break up 
; d I in d 
on. | Mesh Size #20 #20 #20 #20 nde aie 
Sifting ingredients 
Pre Bin Bin Bin 
: ads i Bin Blend - 
Mixing Pauonen Blender oars Blender Blender 
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Control 
Control for for the 
scale-up exhibit 
Critical Process batch (Eng. batch Proposed 
: Range studied Batch) (pilot range for Purpose of 
S/N | Process | Parameter and/ in ‘ 
Precese Canal (Lab scale) Batch: scale) commerci control 
44.179 kg Batch: al scae 
(common 157.781 kg 
blend) (common 
blend) 
va. 
To ensure 
Meceg: Ne. of 100 100 red 100 batch to batch 
Revolution consistency in 
mixing 
Fluid Bed 
Processor (4-40) L 368. 368L 1800L - 
(Volume) 
eee 65 + 15°C 55210°c | 6o+10°C | 60x10 | , Toensure 
temperature ; batch to batch 
ist f 
ae eee 4oz10% [ 4ortey | 4oz10°c | 4o210°C | ee 
; Spray | temperature Particle Size 
* || SGranulat’) py ecins dime (14-59) 18 (25-60) (25-60) Distribution 
ion mae Mi Min Min Min and Density in 
order to 
: warrant 
Loss on drying at NM! NMT NMT ; 
105°C 3% pee 2.5% 24% jee 
property and 
compressibility 
icc | oe N/A #20 mesh | #20mesh | #20 mesh | 1° separate 
4 Reducti and break up 
on | Coil N/A 1.2 mm 1.2 mm 1.2 mm lumps of 
granules 
paneuiea (5-50) L 400 L 1500 L 1500 L : 
(Volume) 
Blendin Mess # 40 # 40 # 40 # 40 To ensure 
g and 60-100 batch to batch 
b | : Pre-lubrication: rae consistency in 
Lubricat No.of Revaleten (optimized 100 100 100 ae 
ion range) 
30-50 uniformity and 
a (optimized 50 50 50 conten 
No. of Revolution rane} uniformity 
2.875 g 2.875 g 2.875 g 2.875 g 
6 Compre | Group 10 mg +5.0% +5.0% +5.0% +5.0% To meet 
; ssion | weight of (2.731-3.019) | (2.731-3.019) (2.731- (2.73 1- intermediate 
g g 3.019) g 3.019) g 
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S/N 


Process 


Control 
Control for for the 
scale-up exhibit 
Critical Process batch (Eng. batch Proposed 
Pavanerernatin Range studied Batch) (pilot range for 
Precese Canal (Lab scale) Batch: scale) commerci 
44.179 kg Batch: al scae 
(common 157.781 kg 
blend) (common 
blend) 
20 5.750 g+5.0%| 5.750g+5.0) 5.7/0 24 5.750 g+ 
Tablets 20mg | (5.463-6.038) g % 5.0% 5.0 % 
(5.463—6.038) (5403- (5.463— 
g . 6.038) g 6.038) g 
11.500 g+3.0 | 11.500 g+- 5.0%") 11.500 g+ |} 11.500 g+ 
40 mg % % 3.0 % 3.0 % 
(11.155—11.845) rs he, © (11.155- (11.155- 
g 1.645) g 11.845) g 11.845) g 
23.00 g 25.00 g 23.00 g 23.00 g 
80 mg +3.0% + 3.0% +3.0% +3.0% 
(22.310—23 690) (22.2.1 (22.310- (22.310— 
g 235.090 3 23.690) g 23.690) g 
143.751 my + | 143.750 ng + 143.750 143.750 
Ta 75% mg + 5.0 % mg + 5.0 
(232.959-— 152.969— (136.563 % 
10 mg 154.531) mz 154.531) mg mg — (136.563 
150.938 mg — 
mg) 150.938 
ie = & mg) 
237.500 mg + | 287.500 mg + 287.500 287.500 
7.5% 7.5% mg+5.0% | mg+5.0 
(265.938— (265.938— (273.125 % 

' Unitormi | 20 mg 309.063) mg 309.063) mg mg — (273.125 
ty of 301.875 mg — 
weight mg) 301.875 

mg) 
575.000 mg + | 575.000 mg + |575.000 mg +] 575.000 mg 
5.00 % 5.00 % 5.00 % + 5.00% 
40 mg (546.250— (546.250— (546.250— | (546.250- 
603.750) mg 603.750) mg | 603.750) mg} 603.750) 
m 
1150.000 mg + | 1150.000 mg + | 1150.000 mg |1150.000 mg 
5.00 % 5.00 % + 5.00 % + 5.00 % 
80 mg (1092.500- (1092.500— | (1092.500—| (1092.500— 
1207.500) mg | 1207.500) mg} 1207.500) | 1207.500) 
mg mg 
10 mg (6-14) kp (6-14) kp (6-14) kp (6-14) kp 
Hardness Target- 10.0 kp | Target- 10.0 Target- Target- 
kp 10.0 kp 10.0 kp 


Purpose of 
control 


CQAs of drug 
product 
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S/N 


Process 


Control 
Control for for the 
scale-up exhibit 
tch (Eng. tch P 
Critical Process : cy pa : Se ee 
: Range studied Batch) (pilot range for 
Parameter and/ in ‘ 
Precese Canal (Lab scale) Batch: scale) commerci 
44.179 kg Batch: al scae 
(common 157.781 kg 
blend) (common 
blend). 
20 m (9-17) kp (9-17) kp (9- 7) ko (9-17) kp 
® | Target- 13.0 kp| Target- 13.0 kp| Targe-"'3.0| Target- 13.0 
kp kp 
(13-21) kp (13-21) kp | (12-20) kp | (12-20) kp 
40 mg | Target- 17.0 kp] Target- 17.6 j, Target- 16.0) Target- 16.0 
kp kp 
(18-26) kp (2226p (16-26) kp | (16-26) kp 
80 mg | Target-22.0kp| Target 22.0 kp} Target- 21.0) Target- 21.0 
kp kp 
3.30 mm + 0-49). 5.30 mr + 3.30 mm+] 3.30 mm + 
10 (2.90-3.70) 040 0.40 0.40 
me mm (2,9023.)9)" | (2.90-3.70) | (2.90-3.70) 
mm mm mm 
4.5C mr 9+ 0.40) 94.50 mm + 4.50mm+] 4.50 mm+ 
20 mg min (4100 | Cetu mm (4.10} 0.40 mm 0.40 mm 
4.90 mm, to 4.90 mm) | (4.10 to 4.90} (4.10 to 
Thicknes : mm) 4.90 mm) 
S 5.40 mins.0.40) 5.40 mm+ 5.40mm+] 5.40mm+ 
40 mg (F.00-5.80) 0.40 0.40 0.40 
mm (5.00-5.80) | (5.00-5.80) | (5.00-5.80) 
mm mm mm 
7.10 mm + 0.40 7.10 mm + 7.10 mm + 7.10 mm + 
80 m (6.70-7.50) 0.40 0.40 0.40 
8 mm (6.70-7.50) | (6.70-7.50) | (6.70-7.50) 
mm mm mm 
NMT 15 
Disi adi NMT 15 NMT 15 a a minutes 
isintegration : ; minutes . 
: minutes minutes . determine 
Time : ; determined 
determined on determined don 6 
(10 mg, 20 mg, 40 on 6 tablets 
480 6 tablets on 6 tablets (without tablets 
sa mg) (without disc) | (without disc) ; (without 
disc) . 
disc) 
5 Bea NMT 
Friabilit 9 
(10 mg, 20 — 40 NMT 1.0% NMT 1.0% errant 1.0% w/w 
~ bee a i ) w/wonNLT | w/wonNLT | 774 - on NLT 
s 8) | 6.50 g tablets. | 6.50 g tablets. rel 6.508 
tablets. 
tablets. 


Purpose of 
control 
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Control 
Control for for the 
scale-up exhibit 
Critical Process batch (Eng. batch Proposed 7 
GIN iPrncces Daraneter andiia Range studied Batch) (pilot range fOr Purpose of 
Precese Canal (Lab scale) Batch: scale) commerci control 
44.179 kg Batch: al scae 
(common 157.781 kg 
blend) (common 
blend) 
9.80x5.10mm 9.80 5.10 | 9.80% 540) 9.80 x 5.10 
10 mg oval shaped mm, oval ‘an, oval mm, oval 
shaped «©. shaped shaped 
12.30 x 6.40 12.30 x 649. 12.30 x 6.40] 12.30 x 
Dimeasi 20 mg mm, oval mm/ov2l mm, oval 6.40 mm, 
dace shaped shaped shaped oval shaped 
Tablet 15.50 x 8.15 15.56 8.15 | 15.50 8.15} 15.50 x 
40 mg mm, oval mni, oval mm, oval 8.15 mm, 
shaped shaped shaped oval shaped 
19.30 x 19.35 | 19.30 *10.35 19.30 x 19.30 x 
80 mg mn ovel 1am, eval 10.35 mm, | 10.35 mm, 
snened snaped oval shaped | oval shaped 
Atomizing Air (AU J) 5) (2:) — 4.0) (1.0—4.0) | (2.0 —3.0) 
Pressure Bar Bar Bar Bar 
Inlet Temperature 60£10°C 60410°C 60+410°C 60410°C 
. (4-15, (1.5-15) (1.5-15) (1-4) 
Pan Rotation Sveed 2M RPM RPM RPM 
4.0 % w/w 4.0% w/w | 4.0 % w/w 
Wit gain 3.0 % w/w to (3.5% w/w | (3.5 % w/w (3.5 % 
5.0 % w/w to 5.0 % to 5.0 % w/w to 5.0 
w/w) w/w) % wiw) 
Peristaltic pump (5-20) (5-30) (5-30) (5-30) To meet drug 
7 Coating | RPM RPM RPM RPM RPM product CQAs 
Sor t N/A (50+20) (50+20) (200+50) as well as 
eee g/min/gun g/min/gun | g/min/gun. physical 
Nozzle size ete) 1.0 mm 1.0 mm 1.0 mm attributes 
mm 
Spray nozzles 
should be . ; 
perpendicular to Perpendicular | Perpendicular — a one 
rolling bed of . ae 
tablets 
Spray nozzles (15-25) (10-25) (10-25) (15-25) 
distance from bed cm cm cm cm 
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Control 
Control for for the 
scale-up exhibit 
Critical Process batch (Eng. batch Proposed 
3 Range studied Batch) (pilot range for Purpose of 
S/N | Process | Parameter and/ in ‘ 
Precese Canal (Lab scale) Batch: scale) commerci control 
44.179 kg Batch: al sca e 
(common 157.781 kg 
blend) (common 
blend) 
Overages of Tg 
coating solution to (10-20) % 20 % 3H% 20 % 
compensate the 
process loss 
Sieving of coating ASTM AST™M ASTM ASTM 
suspension # 80 mesh #80 mesh #80 mesh | #80 mesh 
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2.8 Overall Conclusion of Product Development 


In accordance with FDA’s pre-defined guidance (Quality by Design for ANDAs: An Examplerfor 
Immediate-Release Dosage Forms, April 2012), AHL’s development strategy and the Zeneiated 
data on development and exhibit batches we consider the process to be robust and repredusiole for 
commercialization. The risk assessment process has been thoroughly evaluated ane’ he impact has 
been analyzed to develop an optimized formula of Atorvastatin Calcium Taslets USP. The 
summary results of the optimized formulation met in-process, release and@.siability acceptance 
criteria. 


2.9 Product Lifecycle Management and Continual Improvemevt 


Upon approval, the manufacturing process for Atorvastatin Cxiciuni Tablets USP, will be validated 
using the lifecycle approach that employs risk-based decisie#making throughout the drug product 
lifecycle as defined in the FDA process validation guidance. 


Throughout the product lifecycle, the performance ot the manefacturing process will be monitored 
to ensure that the drug product meets all acceptance criteria as anticipated to deliver the product 
with desired quality attributes. Process *staeuiy an¢ precess capability will be measured and 
evaluated during validation campaigi. \ly any, unexpected process variability is detected, 
appropriate measure will be taken te cerrect, anticipate, and prevent future problems so that the 
process remains in control acceptance criteria..Tke additional knowledge gained during routine 
post marketing manufacturing will de utilized for adjustment of process parameters as part of the 
continual improvement of the drug, product. As a commitment, the regulatory agency will be 
notified in accordance vith CFR 31-*.7U regarding each change in each condition beyond the 
variability already provided throughout the shelf life of this application. 
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